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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to a method for producing plants that are resistant to virus disease, to genetic material 

used in imparting such virus resistance, and to products of the method. Accordingly, the present invention involves 
applications from the fields of plant molecular biology, plant virology, and plant genetic engineering. 

Virus infections in plants cause a variety of detrimental effects, including stunted growth, altered morphology, and 
reduced yields. In additba virus infections often leave plants more susceptible to damage by other pests and pathogens. 

10 For general information on plant viruses, see, e.g., Matthews (1 981 ), Lauffer (1981 ) and Kado & Agrawal (1972). 

Plants do not have immune systems involving antibodies, like animals. However, plants have evolved several meth- 
ods of resisting infection by pathogens. For example, some types of plants create lectins, which bind to saccharide 
moieties on the surfaces of invading fungi, and immobilize the fungi. In addition, some types of plants apparently create 
various molecules which circulate through the plants in response to attacks by bacteria, insects, and possibly viruses. 

15 it is possible to induce some degree of virus resistance in some types of plants by infecting young plants with an 

"attenuated" strain of a virus, i.e., a strain of the virus which does not cause severe symptoms; see, e.g., Rast (1972) 
and Costa (1 980). This approach has several limitations, including: (1) it can conveniently be used only in certain types 
of crops; (2) it can be used only with certain types of viruses: (3) it can be used only if a suitably attenuated strain of the 
infecting virus has been identified and isolated; (4) the protection provided by this method may be effective only against 

20 a limited number of different viruses; and (5) attenuated infection can severely aggravate an infection caused by a 
second, unrelated virus in a synergistic interaction. 

Bevan et al (The EMBO Journal vol. 4, no. 8 pages 1921 -1926, 1 985) expressed tobacco mosaic virus coat protein 
in plants in order to facilitate analysis of the functions of tobacco mosaic virus proteins and provide a method for testing 
the effects of mutant tobacco mosaic virus proteins. Only small amounts of coat protein were expressed as, in the gene 

25 construct prepared, the coat protein structural sequence was not placed under effective transcriptional control ol the 
promoter. 

Beachy et al (Biotechnology in Plant Sciences, Academic Press, New York, 1985, pages 265-275) expressed to- 
bacco mosaic virus coat protein in plants in order to study cross-protection. 

There is, therefore, a need for a method of protecting plants from virus infection that overcomes the above-sum- 
50 marized problems and that does not require identification, isolation, or use of an attenuated virus. There is also a need 
for conferring virus resistance where natural genetic or cross-protection resistance is unavailable. 

Summary of the Invention 

35 in accordance with one aspect of the present invention, there is provided a process for producing genetically trans- 

formed plants which are resistant to infection by a plant virus, comprising the steps of: 

(a) inserting into the genome of a plant cell a recombinant, double stranded DNA molecule comprising: 

40 (j) a promoter which functions in plant cells to cause the production of an mRNA polynucleotide; 

(ii) a DNA polynucleotide having a sequence that corresponds to said mRNA polynucleotide, said mRNA poly- 
nucleotide having a sequence encoding the coat protein or substantial portion thereof of said plant virus; 

(iii) a 3' non-translated region which functions in plant cells to cause the addition of pofyadenylate to the 3* end 
of said mRNA polynucleotide; 

45 

(b) obtaining transformed plant cells which express coat protein or a substantial portion thereof; and 

(c) regenerating Irom said transformed plant cells genetically transformed plants which have increased resistance 
to infection by said plant virus. 

50 Preferably the DNA polynucleotide is derived from the said plant virus. 

In accordance with another aspect of the present invention, there is now provided a recombinant double-stranded 
DNA molecule, comprising, in the 5' to 3' direction of transcription: 

(i) a promoter which functions in planl cells to cause the production of an mRNA polynucleotide; 
55 (ii) a DNA polynucleotide having a sequence that corresponds to said mRNA polynucleotide, said mRNA polynu- 

cleotide having a sequence encoding the coat protein or substantial portion thereof of a plant virus other than tobacco 
mosaic virus; 

(iii) a 3' non-translated region which functions in plant cells to cause the addition of pofyadenylate to the 3' end of 
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said mRNA polynucleotide said DNA molecule being capable of causing sufficient expression of said coat protein 
to inhibit or substantially reduce viral infection. 

In accordance with yet another aspect of the present invention, a differentiated plant has been provided that com- 
s prises transformed plant cells, as described above, which exhibit resistance to the plant virus. According to still another 
aspect of the present invention, a process is provided that entails cultivating such a plant and, in addition, propagating 
such plant using propagules such as explants, cuttings and seeds or crossing the plant with another to produce progeny 
that also display resistance to the plant virus. 

Other objects, features and advantages of the present invention will become apparent from the following detailed 
10 description. It should be understood, however, that the detailed description and the specific examples, while indicating 
preferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
of the invention will become apparent to those skilled in the art from this detailed description. References are abbreviated 
to the author's names, the full references being listed later herein. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 provides a graphic outline for a biological assay for virus disease resistance in transgenic plants. 
Figure 2 shows a partial amino acid sequence of the soybean mosaic virus coat protein (SMV CP). 
Figure 3 depicts an expression vector, pMON316, containing the CaMV35S promoter adjacent to a synthetic mul- 
20 ti linker containing unique cleavage sites for the restriction endonucleases Bglll and EcoRI. The multilinker is followed 
by a 260 base pair fragment encoding the nopaline synthase gene polyadenylation signals. 

Figure 4 depicts the complete sequence of CaMV35S promoter, multilinker and nopaline synthase segment illus- 
trated in Figure 3. 

Figure 5 depicts the construction of plant transformation vector, pMON3l9, which contains a CaMV35S/ 
25 TMV-CP/NOS construct. This vector was used to insert the construct into plant cells. 

Figures 6 and 7 represent, respectively, data from experiments, described in Examples 3(A) and 3(B), involving the 
effect of differing levels of viral exposure on transgenic tobacco and tomato plants respectively produced, in accordance 
with the present invention. 

Figure 8 represents the data from an experiment, described in Example 3(C) : involving comparisons of virus resist- 
30 ance between tomato plants from genetically-resistant lines and transgenic plants produced according to the present 
invention. 

Figure 9 represents the data from an experiment, described in Example 4, involving the induction ol cross-protection 
in tomato plants, pursuant to the present invention, which was effective against different strains of tobacco mosaic virus. 

Figure 10 depicts the initial isolation and incorporation into an intermediate vector of the ssRUBISCO promoter Irom 
35 petunia which was used in Example 5. 

Figure 11 represents a partial nucleotide sequence of the ssRUBISCO promoter of petunia used in Example 5. 

Figure 1 2 outlines the production of a DNA construct wherein the CaMV35S promoter is replaced by the ssRUBISCO 
promoter of petunia 

Figure 1 3 represents a process used to prepare cDNA coding for the coat protein of alfalfa mosaic virus (AMV CP). 
40 Figure 14 represents a process used to prepare a plant vector containing the coat protein gene of potato virus X 

(PVXCP). 

Figure 15 shows the nucleotide sequence ol the PVX CP gene. 

Figure 16 represents the steps lollowed to isolate a nucleotide fragment encoding tomato golden mosaic virus coat 
protein (TGMV CP). 

45 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention involves the preparation of DNA constructs that function in plant cells and produce virus 
resistance. As explained in greater detail below, the phrase "virus resistance" is used here to refer to the ability of a 
50 plant to resist one or more types of plant viruses. 

Numerous plant viruses cause significant crop losses worldwide. This invention provides a method for protecting 
plants susceptible to infection by plant viruses. Exemplary of such plant viruses are soybean mosaic virus, bean pod 
mottle virus, tobacco ring spot virus, barley yellow dwarf virus, wheat spindle streak virus, soil bom mosaic virus, wheat 
streak virus in maize, maize dwarf mosaic virus, maize chlorotic dwarf virus, cucumber mosaic virus : tobacco mosaic 
55 virus, alfalfa mosaic virus, potato virus X, potato virus Y, potato leaf roll virus and tomato golden mosaic virus. Among 
these, protection against maize dwarf mosaic virus, barley yellow dwarf virus, wheat streak mosaic virus, soil bom mosaic 
virus, potato leaf roll virus and cucumber mosaic virus is particularly important. 

Plants which can be made virus resistant by practice of the present invention include, but are not limited to, potato, 
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tomato, pepper, tobacco, soybean, wheat, com, citrus, squash, cucumber and beet. 

The expression of a plant gene which exists in double-stranded DNA form involves transcription of messenger RNA 
(mRNA) from one strand ot the DNA by RNA polymerase enzyme, and the subsequent processing of the mRNA primary 
transcript inside the nucleus. This processing involves a 3' non -translated region which adds potyadenylate nucleotides 

s to the 3' end of the viral RNA. 

Transcription of DNA into mRNA is regulated by a region of DNA usually referred to as the 'promoter' The promoter 
region contains a sequence of bases that signals RNA polymerase to associate with the DNA, and to initiate the tran- 
scription of mRNA using one of the DNA strands as a template to make a corresponding strand of RNA. 

A number of promoters which are active in plant cells have been described in the literature. These include the 

10 nopaline synthase (NOS) and octopine synthase (OCS) promoters (which are carried on tumor-inducing plasmids of 
Aqrobacterium tumefaciens) , the cauliflower mosaic virus (CaMV) 19Sand 35S promoters, the light-inducible promoter 
from the small subunit of ribulose bis-phosphate carboxylase (ssRUBISCO, a very abundant plant polypeptide), the 
rnannopine synthase promoter (Velten et al, 1984 and Velten & SchelL 1 985) and promoters of genes encoding hydrox- 
yproline-rich glycoproteins. All of these promoters have been used to create varbus types of DNA constructs which 

is have been expressed in plants; see, e.g., PCT publication WO84/02913 (Rogers et al, Monsanto). 

Promoters which are known or are found to cause transcription of viral RNA in plant cells can be used in the present 
invention. Such promoters may be obtained from plants or viruses and include, but are not limited to, the CaMV35S 
promoter and promoters isolated from plant genes such as ssRUBISCO genes. As described below, the particular pro- 
moter selected should be capable of causing sufficient expression to result in the production of an effective amount of 

20 coat protein to render the plant substantially resistant to virus infection. The amount of coat protein needed to induce 
resistance may vary with the type of plant and/or the virus to be protected against. Accordingly, while the CaMV35S 
promoter is preferred, it should be understood that this promoter may not be the optimal one for all embodiments of the 
present invention. 

The promoters used in the DNA constructs of the present invention may be modified, if desired, to affect their control 

25 characteristics. For example, the CaMV35S promoter may be ligated to the portion of the ssRUBISCO gene that re- 
presses the expression of ssRUBISCO in the absence of light, to create a promoter which is active in leaves but not in 
roots. The resulting chimeric promoter may be used as described herein. For purposes of this description, the phrase 
"caMV35S B promoter thus includes variations of CaMV35S promoter, e.g., promoters derived by means of ligation with 
operator regions, random or controlled mutagenesis, etc. 

so The DNA constructs of the present invention contain, in double -stranded DNA form, a portion of the virus genome 

that encodes the coat protein ol a virus. Although most types of plant viruses contain RNA rather than DNA, others 
contain single- or double-stranded DNA. Viruses -which contain RNA do not contain genes with standard transcriptional 
promoters and/or 3' regulatory sequences. In these cases, the polypeptides or proteins are translated directly from the 
RNA strand carried by the virus or its complement. The portion of the virus genome which encodes the coat protein can 

35 be determined by one of several known methods well within the skill of the art (see Example 1 below). 

For instance, in some cases one may choose to sequence the coat protein of the virus and synthesize a DNA 
sequence that encodes the coat protein. Alternatively, one may identify and purify RNA from the virus that encodes the 
coat protein. In the vast majority of RNA-containing plant viruses, the coat protein gene is located at the 3' end of the 
viral RNA. In some cases, the coat protein gene could be located by using an oligonucleotide probe, the sequence of 

40 which reflects the amino-acid sequence of the viral coat protein. If the virus carries RNA, the DNA coding sequence can 
be obtained using the enzyme reverse transcriptase to form complementary DNA (cDNA). As indicated above, most 
types of plant viruses contain RNA, including tobacco mosaic virus, tomato spotted wilt virus, cucumber mosaic virus, 
alfalfa mosaic virus, potexviruses like potato virus X, potyviruses like potato virus Y, and potato leaf roll virus. 

In the case of some viruses, such as potyviruses, the coat protein is part of a polyprotein which is processed to 

45 release the coat protein. Those skilled in the art should take this into account to isolate the region of the virus genome 
that encodes the coat protein and to introduce translation initiation signals, as detailed in Example 1 below. 

A coding sequence used in a DNA construct of this invention may be modified, if desired, to create mutants, either 
by random or controlled mutagenesis, using methods known to those skilled in the art. Such mutants and variants are 
therefore within the scope of the present invention. Accordingly, the phrase "coat protein" is used here to include trun- 

50 cated proteins and fusion proteins, as well as unmodified coat protein. 

The 3' non-translated region contains a polyadenylation signal which functions in plants to cause the addition of 
polyad9nylate nucleotides to the 3' end of the viral RNA. Examples of suitable 3' regions are (1) the 3' transcribed, 
non-translated regions containing the polyadenylated signal of Aqrobacterium the tumor-inducing (Ti) plasmid genes, 
such as the nopaline synthase (NOS) gene, and (2) plant genes like the soybean storage protein genes and the small 

55 subunit of the RuBP carboxylase gene. An example of a preferred 3' region is that from the NOS gene, described in 
greater detail in the examples below. 

The RNA produced by a DNA construct of the present invention also contains a 5 ' non-translated leader sequence. 
This sequence can be derived from the promoter selected to express the gene, and can be specifically modified so as 
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to increase translation of the mRNA. The 5' non-translated regions can also be obtained form viral RNA's, from suitable 
eukaryotic genes, or from a synthetic gene sequence. The present invention is not limited to constructs, as presented 
in the following examples, wherein the non-translated region is derived from both the 5* non-translated sequence that 
accompanies the promoter sequence and part of the 5' non-translated region of the virus coat protein gene. Rather, the 
5 non-translated leader sequence can be part of the 5' end of the non-translated region of the coding sequence for the 
virus coat protein, or part of the promoter sequence, or can be derived Irom an unrelated promoter or coding sequence 
as discussed above. 

A DNA construct of the present invention can be inserted into the genome of a plant by any suitable method. Suitable 
plant transformation vectors include those derived from a Ti plasmid of Agrobacterium tumefaciens , as well as those 

10 disclosed, e.g., Herrera-Estrella (1983) , Bevan (1983), Klee (1985) and EP-A-120516 (Schilperoort et al). In addition 
to plant transformation vectors derived from the Ti or root-inducing (Ri) plasmids of Agrobacterium , alternative methods 
can be used to insert the DNA constructs of this invention into plant cells. Such methods may involve, for example, the 
use of liposomes, elect roporat ion, chemicals that increase free DNA uptake, and transformation using viruses or pollen. 
In one embodiment of the present invention, a double-stranded cDNA sequence is prepared from an RNA segment 

is (CP-mRNA) that encodes the coat protein of tobacco mosaic virus (TMV). This coding sequence can be ligated to a 
CaMV35S promoter, and to a NOS 3' non-translated region, to form a DNA construct within the present invention. The 
DNA construct is inserted into an intermediate plasmid derived in part from a Ti plasmid of Agrobacterium tumefaciens , 
to create plasmid pMON31 9. The vector is then inserted into cultured A. tumefaciens cells which contain a disarmed 
Ti plasmid. The two plasmids formed a cointegrate plasmid by means of a crossover event. 

20 Bacterial cells containing the cointegrate plasmid were cultivated together with cells derived from tobacco plants, 

and transformed plant cells were selected by means of nutrient media containing kanamycin. The cells were then cultured 
into cat I us tissue, and regenerated into differentiated plants. The resulting plants of the present invention contain the 
DNA construct, which imparts virus resistance. 

In practicing the present invention, the resistance-imparting capabilities of a DNA construct, which can contain a 

25 CP-encoding sequence from a particular virus, is preferably assessed, in the first instance, using a systemic host for 
that virus. In a "systemic" host plant, the virus has the ability to replicate and move, by an as-yet unspecified process, 
from the inoculation site (typically, on a leaf) throughout the plant, engendering symptoms of infection which are systemic 
rather than localized. (Conversely, a "nonsystemic" host displays symptoms, like the development of necrotic spots, that 
are restricted to the region around the inoculation site.) The pairing of specific viruses with hosts that are systemic to 

30 those viruses is well-recognized in plant pathology. It is known, for example, that most tomato and tobacco varieties, as 
well as alfalfa, are systemic hosts for alfalfa mosaic virus (AMV); that the cucumber mosaic virus (CuMV) systemically 
infects tomato, tobacco, cucumber and other melon crops; and that tobacco, tomato and numerous orchid varieties are 
systemic hosts for TMV. See, generally, INDEXOF PLANT VIRUS DISEASES ! Agriculture Handbook No. 307 (ARS-US- 
DA1966). 

35 More specifically, a DNA construct prepared in accordance with the present invention is preferably introduced, via 

a suitable vector as described above, into plant cells or protoplasts derived from a plant that is a systemic host lor the 
virus used as the source for a DNA sequence in the construct that causes the production of an RNA sequence. The 
plant material thus modified can be assayed, for example, by Northern blotting, for the presence of CP-mRNA; if no 
CP-mRNA (or too low a titer) is detected, the promoter used in the construct to control the CP-encoding segment can 
40 be replaced with another, potentially stronger promoter, and the altered construct retested. 

Alternatively, this monitoring can be effected in whole regenerated plants. In any event, when adequate production 
of virus mRNA is achieved, and the transformed cells (or protoplasts) have been regenerated into whole plants, the 
latter are screened for resistance to the virus. Choice of methodology for the regeneration step is not critical, with suitable 
protocols being available for hosts from Leguminosae (alfalfa, soybean, clover, etc.), Umbelliferae (carrot, celery, pars- 
es nip), Cruciferae (cabbage, radish, rapeseed, etc.), Cucurbitaceae (melons and cucumber), Gramineae (wheat, rice, 
com, etc.), Solanaceae {potato, tobacco, tomato, peppers) and various floral crops. See, e.g., Ammirato et al (1984). 
Plants from each of the aforesaid families can be rendered virus-resistant pursuant to the present invention. 

Regenerated plants which are tested lor virus resistance are preferably exposed to the virus at a concentration that 
is in a range where the rate of disease development correlates linearly with virus concentration in the inoculum. This 
50 linear range can be determined empirically, using nontransformed plants for a given pairing of virus and host species. 

Methods for virus inoculation are well-known to those skilled in the art, and are reviewed by Kado & Agrawal (1972). 
One method involves abrading a leaf surface with an aqueous suspension (typically buffered at pH 7-8) containing an 
abrasive material, such as carborundum or diatomaceous earth, and the virus. While inoculation in this manner is gen- 
erally preferred for its simplicity, those skilled in the art will recognize that other approaches may be preferable for certain 
55 plant viruses. For example, the aphid-born potato leaf roll virus is known not to be readily inoculated by mechanical 
abrasion; rather, it is transferred using appropriate insect vectors. See, generally, Thomas (1983). 

Progeny of regenerates are inoculated and observed with similarly treated controls, which can be untransformed 
plants and/or plants transformed with a construct lacking the DNA sequence that causes the production of a virus RNA 
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sequence, to determine comparative resistance, e.g., as reflected in a difference between the groups as to the timing 
of onset of symptoms (see Fig. 1). For example, it has been found that plants containing the virus coat protein coding 
sequence, in accordance with the present invention, exhibit symptoms of viral inlection, relative to control plants, only 
after a substantially longer time, if at all. Observed resistance among transgenic plants can be correlated with measured 

5 levels of virus mRNA or coat protein. Thus, it has been discovered that expression of a small portion of the viral genome 
can confer resistance to virus infection. 

In some cases : expression of viral mRNA or coat protein may not be detectable. This may be due to an instability 
in the mRNA or protein. There are methods known to those skilled in the art, however, for stabilizing mRNA and proteins. 
For example, the splicing of introns is known to play an important role in the formation of stable mRNA (Hamer & Leder 

10 (1979)). The expression of the virus coat protein gene may be substantially enhanced by insertion of introns in either 
the coding or the noncoding sequences. Furthermore, sequences in the 3' untranslated sequences of the mRNA's are 
known to determine the stability of the corresponding mRNA's (Shaw & Kamen (1986)). The stability of the engineered 
coat protein mRNA may be substantially increased by alteration of its 3' untranslated region. Finally, it is known that 
several proteins retain their functional activity upon proteolysis (Moore (1981); Sandmeier (1980); Zurini (1984)). The 

is truncated coat protein molecules produced according to the present invention could retain their biological activity and 
confer virus resistance when expressed at high levels in transgenic plants. 

EXAMPLE 1 . Typical Isolation of a Virus Coat Protein Gene for Use in Cross-Protection 

^0 The potyviruses comprise the most widespread and economically important group of known plant viruses. A poty- 

virus, the soybean mosaic virus (SMV), was therefore selected to illustrate a general approach for isolating a small 
portion of the virus genome, the sequence coding lor coat protein, which can be used to impart virus disease resistance 
("cross-protection ") pursuant to the present invention (see Figure 1). 

SMV was purified from soybean leaves which had been infected with the N strain of SMV. Virus was isolated, and 

25 viral RNA prepared, following the procedures disclosed by Vance & Beachy (1984). Antibody to SMV was raised in 
rabbits by conventional methodology, which included the injection of 1 mg of purified SMV into rabbits, fol towed four 
weeks later by a second injection of 50 fig of SMV, and two weeks thereafter by an additional injection (50 jig) of SMV. 
Serum was collected for use in this example at two-week intervals after the final booster injection. 

The cDNA cloning of virus coat protein genes was accomplished using methods familiar to those skilled in the art. 

30 cDNA was produced from viral RNA by first priming the polyadenylated SMV RNA with oligo-dT and then producing 
cDNA with reverse transcriptase. To produce double-stranded cDNA, the first strand cDNA:RNA hybrid molecule was 
treated with RNase H and DNA polymerase L The molecules were then treated with T4 DNA polymerase, followed by 
EcoRI methylase. The molecules were then reacted with T4 DNA ligase in the presence of synthetic oligonucleotide 
linkers containing the EcoRI site. The molecules were thereafter digested with EcoRI and ligated to the plasmid 

55 pEMBLI 8, one of a class of widely-available cloning vectors constructed in the European Molecular Biology Laboratory, 
P.O. Box 10-2209, 6900 Heidelberg. Federal Republic of Germany. The pEMBLlS DNA had previously been restricted 
with the enzyme EcoRI and treated with alkaline phosphatase to prevent reannealing of the plasmid. Double-stranded 
cDNA's with EcoRI sites exposed were then ligated to the opened plasmid These ligated cDNA's were then used to 
transform E. coli strain DH5a. 

40 Colonies of the transformed bacteria were screened with 32 P-labeled cDNA, and those that reacted with 

the 32 P-labeled molecules were selected. To screen for antigen production, IPTG was used to induce positive trans- 
formants, and the growing colonies were screened, via an antibody blot procedure, with the rabbit anti-coat protein 
antibodies previously raised. (Certain suitable anti-CP antibodies can also be obtained commercially, e.g., from the 
American Type Culture Collection in Rockville i Maryland.) Those colonies that reacted with antibody were selected for 

45 further screening to confirm that they actually produced a coat protein: lacZ fusion protein. Plasmid DNA isolated from 
colonies that produced a fusion protein was used as a probe to identify other colonies containing overlapping cDNA's 
using standard hybridisation techniques (Maniatis et at (1982)). 

The DNA sequence of the cloned cDNA's was determined by standard procedures, see Figure 2. Amino-acid se- 
quencing of the viral coat protein can be completed to determine its NH 2 -terminal amino acid sequence. Since the 

50 amino-terminal fragment may be blocked in some cases, a viral coat protein can be sequenced by fast atom bombard- 
ment (FAB) and mass spectrometer analyses, applying techniques known to those skilled in the art. The amino-acid 
sequence of the protein can then be compared with the sequence derived by sequencing of the cloned cDNA. A cDNA 
segment thereby identified as encoding the viral coat protein can be obtained by introducing a new restriction site and 
ATG translational initiator codon immediately adjacent, vis-a-vis the 5' end, to the codon for the NH 2 -termina! amino 

55 acid of the mature coat protein. This can be done by the method of Zoller & Smith (1982). After restriction enzyme 
digestion to excise the coat protein coding sequence, the isolated CP coding sequence can be ligated to a suitable 
promoter, as described above, and introduced into plants, in accordance with the present invention, to impart virus 
resistance. 
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EXAMPLE 2 . Virus Disease Resistance in Transgenic Plants Containing a Virus Coat Protein Gene (Tobacco Mosaic 
Virus) 

This example illustrates how the present invention is practiced when the nucleotide sequence ol a virus coat protein 
5 gene is available. 

A. Preparation of Plasmid PMQN319 

RNA was removed from tobacco mosaic virus (TMV; common U1 vulgare strain; sequence published by Goelet et 
10 al (1962)) by phenol extraction as described in Bruening (1976). A 35-mer oligonucleotide primer was synthesized, 
complementary to the 3' end of the viral RNA and having, in additioa Ndel and BamHI cleavage sites. The oligonucleotide 
was annealed to the viral RNA, and served as a primer for the synthesis (using reverse transcriptase) of cDNA, according 
to the method of Maniatis (1 982). The single stranded DNA was converted into double stranded (ds) DNA by the method 
of Maniatis (1982). 

is The ds-cDNA was cleaved by BamHI. which cleaves at a site on the primer, and by Hind II I, which cleaves at base 

5080 of the TMVsequence. The resulting 1 .3 kb fragment was mixed with plasmid pUC9 DNA that had also been cleaved 
with Hindi 1 1 and BamHI. The resultant ampicillin resistant plasmid, pTM37, was the source of the coat protein coding 
sequence DNA used for further manipulations, and has an EcoRI site adjacent to the BamHI site. 

To obtain a smaller DNA fragment with the coat protein coding sequence, plasmid pTM37 was digested with Ahalll, 

20 which cleaves at base 5707 of the TMV sequence (five base pairs from the ATG trans lational initiation codon for the 
coat protein mRNA), and with EcoRI, which cleaves just beyond the end of the TMV sequences in pTM37. The resulting 
fragment, approximately 700 base-pairs (bp) in length, was then transferred and cloned into two other plasmids to add 
restriction sites to the 5' and 3' ends of the coat protein-encoding fragment. These additions of restriction sites facilitated 
the construction of further plasmids. Alternately, one may choose to add the restriction sites in other ways, such as by 

25 site-directed mutagenesis or by ligation of synthetic DNA tinkers. These techniques are all within the skill of the art. 

The 700 bp, coat protein-encoding sequence fragment, flanked at the 5' end by a Bglll site and at the 3' end by an 
EcoRI site, was excised from the intermediate plasmid by digestion with Bglll and EcoRI. This 700 bp fragment was 
purified and mixed with DNA of plasmid pMON31 6 that had also been digested with Bglll and EcoRI. Plasmid pMON31 6 
is a derivative of pMON200 (Fraley et al (1985); Rogers et al (1985)) which carries a 330 bp segment of the cauliflower 

30 mosaic virus (CaMV) that directs the production of a 35S transcript. 

The CaMV35S promoter fragment was isolated from plasmid pOS-1 , a derivative of pBR322 carrying the entire 
genome, as a Sail insert, of the CaMV strain CM4-184 (Howarth et al (1981)). The CM4-1 84 strain is a naturally occurring 
deletion mutant of strain CM1 841 . The nucleotide sequences ol the CM1 841 (Gardner et al (1 981 )) and Cabb-S (Franck 
et al (1980)) strains of CaMV have been published, as have some partial sequences for a different CM4-184 clone 

55 (Dudley el al (1982)). The nucleotide sequences of the 35S promoters of all of these strains are very similar. The refer- 
ences to nucleotide numbers ("n...'') in the following discussion are those for the sequence of CM1841 disclosed by 
Gardner etal (1981). 

The 35S promoter was isolated from the pOS-1 clone of CM4-184 as an Alul (n 7143)-EcoRI* (n 7517) fragment 
which was inserted first into pBR322 cleaved with BamHI, then treated with the Klenow fragment of DNA polymerase I 

40 and finally cleaved with EcoRL The promoter fragment was then excised from pBR322 with BamHI and EcoRI, treated 
with Klenow polymerase and inserted into the Smal site of M13 mp8 (messing & Vieira (1982)) so that the EcoRI site 
of the mp8 muftilinker was at the 5* end of the promoter fragment. Site-directed mutagenesis (Zoller & Smith (1982)) 
was then used to introduce a guanidine residue at nucleotide 7464 to create a Bglll site. 

The 35S promoter fragment was then excised from the M13 as a 330 bp EcoRI -Bglll fragment which contains the 

45 35s promoter, transcription-initiation site and 30 nucleotides of the 5' nontranslated leader, but does not contain any of 
the CaMV trans lational initiators or the 35S-transcript polyadenylation signal that is located 180 nucleotides downstream 
from the start ol transcription (Covey et al (1981); Guilley et al (1982)). The 35S promoter fragment was joined to a 
synthetic multilinker and a 260 bp Sau3A fragment (nucleotides 665-41 7) of the pTTT37 nopaline synthase gene (Bevan 
et al (1 983)) from the NOS 3' nontranslated region; the segment thus prepared was then inserted into pMON200 to give 

50 pMON316 (Figure 3). The complete sequence of the 35S promoter, multilinker and NOS 3' segment is given in Figure 
4. This sequence begins with an Xmnl site created by Klenow polymerase treatment to remove the EcoRI site located 
at the 5' end of the 35S promoter segment. 

Plasmid pMON 316 is a cointegrating-type intermediate vector with unique cleavage sites, located between the 5' 
leader and the NOS polyadenylation signals, for the restriction endonucleases Bglll, Clal, Kpnl, Xhol and EcoRI. The 

55 cleavage sites permit the insertion of coding sequences carrying their own translation -initiation signals immediately 
adjacent to the 35S-transcript leader sequence. The pMON3l6 plasmid retains all of the properties of pMON200, in- 
cluding spectinomycin resistance for selection in E. coli and A. tumefaciens , as well as a chimeric kanamycin gene 
(NOS-NPTII 'NOS) for selection of transformed plant tissue and the nopaline synthase gene for ready scoring of trans- 
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formants and inheritance in progeny. The pMON31 6 plasmid contains the above-described CaMV35S promoter-NOS 
cassette, which is lacking in pMON200, but is used in substantially the same manner as the latter plasmid (see Fraley 
et al (1985); Rogers et al (1986)). 

Insertion of the 700 bp TMV coat protein encoding segment provides appropriate signals tor the synthesis of this 
s protein in transformed plant ceils. The resultant plasmid, designated "pMON31 9,' appears in Figure 5. 

B. Insertion of DNA Construct Containing CP Gene into Plant Cells 

Plasmid pMON319 was inserted, pursuant to Fraley et al (1985), into A. tumefaciens ceils containing a disarmed 
10 Ti plasmid designated B pTiB6S3-SE. B This plasmid does not contain a fully functional T-DNA region; it contains a left 
T-DNA border. 

The pMON319 plasmid carries a marker gene, which conveys selectable resistance to spectinomycin (Spc) and 
streptomycin (Str) in bacteria, and a region of homology which can cause a crossover event to combine pMON31 9 with 
pTiB6S3-SE, thereby creating cointegrate Ti plasmids which have reconstituted T-DNA regions containing the 
is CaMV35S/TMV-CP/NOS construct. However, pMON31 9 cannot replicate independently in A. tumefaciens cells. There- 
fore, in the presence of Spc and Str, the only A. tumefaciens cells which can survive are those cells that have cointegrate 
plasmids. 

A culture of A. tumefaciens containing the cointegrate Ti plasmid was contacted with leaf disks taken from tobacco 
plants (Nicotiana tobacum cv. "Samsun") as described by Horsch et al (1985). The Aqrobacterium cells inserted the 
20 DNA constructs into the chromosomes of the plant cells. Plant cells resistant to kanamycin were selected and regener- 
ated into differentiated plants by the procedure described in Horsch et al (1985). 

The plants which served as exper amenta! controls contained either (1 ) no foreign genes or (2) only the pMON200 
plasmid. 

A culture of A. tumefaciens cells containing the pMON319::pTiB6S3-SE cointegrate plasmid was deposited with 
25 the ATCC in accordance with the Budapest Treaty , and was assigned accession number 53294 . 

C. Expression of Viral RNA in Plant Cells 

RNA was extracted from leaves of regenerated plants by the method of Lane & Tremiates-Kennedy (1981). RNA's 
30 were separated according to size by electrophoresis in agarose gels containing formaldehyde and blotted to nitrocellu- 
lose, as described in Maniatis et al (1982). Viral RNA was detected on the nitrocellulose by the hybridization to 
the 32 P-labeled DNA clone using methods described in Maniatis et al (1982). 

Based on this RNA hybrization analysis, it was determined that transformed plants (those carrying pMON3l9) con- 
tained viral RNA, while plants which contained only pMON200 did not contain viral RNA. The presence of TMV coat 
55 protein was detected in plants containing pMON31 9 but not pMON200. Proteins were extracted from leaves by grinding 
in sample buffer, following Laemmli (1 970). A 50 u.g portion of protein was subjected to electrophoresis in 12% polyacr- 
ylamide gels containing SDS, as disclosed by Laemmli (1 970). Proteins were electrophoretically transferred to nitrocel- 
lulose, as disclosed by Towbin et al (1 979). 

Blotted proteins were reacted with antiserum raised in rabbits against purified TMV, as disclosed by Symington et 
40 al (1981 ). Rabbit antibodies bound to the TMV on the nitrocellulose were detected by binding with 125 l -labeled donkey 
anti-rabbit antiserum (Amersham Co., Chicago). 

Based on the resufts of the immunoblot analysis, it was determined that transformed plants (containing pMON319) 
produced TMV coat protein, whereas plants containing only pMON200 did not produce TMV coat protein. The amount 
of coat protein produced in these leaves was about 50 nanograms of coat protein in 50 u.g of total leaf protein, or 0. 1%. 

45 

D. Resistance of Tobacco Plants to TMV 

The transformed and control plants were grown to a height of about two feet, and then were divided into cuttings 
of stem sections, with axillary buds, which were rooted and regenerated into individual plants. These plants were inoc- 

50 ulated with TMV by adding abrasive particles to an aqueous suspension of the virus particles : and rubbing the abrasive 
solution on the leaves. More specif icaJly. TMV was suspended in 0.05M sodium phosphate buffer (pH 7.2). Approximately 
50 u.l of solution was applied, by rubbing, to tobacco leaves that had been dusted with carborundum (320 Grit, manu- 
factured by Fisher Scientific Co.). After the leaf surface had dried, leaves were rinsed with water and plants were placed 
in a greenhouse, or growth chamber. 

55 Control plants displayed symptoms of infection within about three to five days after inoculation. In contrast, the 

plants that contained the DNA construct of the present invention did not produce symptoms until from eight to ten days 
after inoculation. These results were confirmed in three independent sets of experiments. 

In another experiment, seeds produced by two different transformed plants containing pMON31 9 were germinated, 
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and the seedlings were grown in soil. Each seedling was assayed for the presence or absence of TMV coat protein by 
the immu nob lotting technique described above. A total of 39 seedlings were inoculated as previously described with a 
suspension containing TMV (0.25 ug/ml) in a blind fashion, i.e., without prior knowledge of whether the seedling con- 
tained TMV coat protein. Experimental results indicated that 11/39 plants contained coat protein; the remainder did not 
5 contain coat protein, and served as a control for this experiment. 

Five days after inoculation 3/11 (27%) of control plants produced typical symptoms of TMV infection. None of the 
plants containing TMV coat protein showed such symptoms. 

Six days after inoculation 45% of control plants produced typical symptoms of TMV infection. Whereas only 18% 
of the plants containing TMV coat protein showed such symptoms. 
10 Seven days after inoculation 82% of control plants produced typical symptoms of TMV infection. 57% of the plants 

containing TMV coat protein showed such symptoms. 

Eight days after inoculation 82% of control plants had produced symptoms typical of TMV infection. 64% ol the 
plants containing TMV coat protein showed such symptoms. 

The observation of a substantial delay in the onset of symptoms in the face of a massive assault by the virus is an 
is indication that the transformed plants are substantially more resistant to the virus than the untransformed plants. The 
extent of the increased resistance observed in these experiments indicates that the transformed plants are capable of 
withstanding the type of infective contact that is likely to occur in an open field or in a greenhouse. 

EXAMPLE 3 . Characterization of Virus Disease Resistance in Transgenic Plants 

20 

A Dose-Response in Tobacco 

Seedlings of transformed tobacco plants described in Example 2 were used for these experiments. Plants that were 
determined to express the CP coding sequence, or not to express the CP coding sequence, by the immunoblot tech- 
25 niques described above were divided into three groups and inoculated with a suspension containing TMV (U1 vulgare 
strain) as previously described. The three groups were inoculated with suspensions containing TMV at concentrations 
of 0.4 U-g/ml, 0.8 u.g/rnl and 2.0 u.g/ml, respectively The inoculated plants were put into a greenhouse and observed for 
symptoms of virus infection. The bar graph of Figure 6 represents the results of this experiment. The data clearly show 
that the plants expressing the coat protein were quite resistant to the virus at — 0.4 u,g/ml or less. 

30 

B. Dose-Response in Tomato 

A culture of A. tumefaciens cells containing the cointegrate plasmid pMON3l9::pTIB6S3-SE were contacted with 

leaf disks taken from tomato plants, again using the method described in Example 2. Kanamycin-resistant tissue con- 
35 taining the CaMV35S/TMV-CP/NOS construct was selected and regenerated into plants. The test plants were seedling 

progeny of the self-fertilized transgenic tomato plants. The control plants for this experiment were untransformed parental 

plants and non-expressing seedling progeny. 

Test and control plants were inoculated with a suspension containing TMV at concentrations between 0.5 ux|/ml 

and 20 u,g/ml following the inoculation method of Example 2. The results of this experiment are shown in Figure 7. As 
40 shown in Figure 7, all control plants exhibited symptoms of viral infection within the thirty-day period. In addition, control 

plants exhibited a more immediate display of symptoms with increased viral inoculum. In contrast, seedlings expressing 

the TMV coat protein were substantially resistant to TMV infection and did not develop symptoms of infection until 30 

days post -inoculation, if at all. 

45 C. Comparison with Genetic Resistance 

To characterize further the resistance imparted to the above-described seedling progeny in accordance with the 
present invention, the response to ToMV inoculation of tomato plants known to contain a genetic determinant for ToMV 
resistance was compared to the corresponding response of transgenic plants prepared using the method of Example 

50 2. More specifically, plants of the variety "Craig el la, " into which the resistance determinants Tm-2 or Tm-2a , respectively, 
had been introduced by conventional breeding techniques ; were inoculated with a ToMV strain designated ToMV2' or 
"ToMV2a. B (Data bearing on the relative sensitivities of plants carrying different resistance determinants to ToMV infection 
by various strains, including ToMV2 and 2a, are indicated in a table below.) A test group comprising transgenic plants 
of an otherwise ToMV2-sensitive variety ("VF36"), which plants were transformed and expressed TMV coat protein, was 

55 also inoculated with the same virus strains, as was a control group of untransformed VF36 plants. 
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ToMV Strains 

Plant Groups TMV* 2 2a 



VF36 


5/5 


5/5 


5/5 


Tm-1 


0/5 


0/5 


0/5 


Tm-2 


0/5 


5/S 


0/5 


Ta-2a 


0/5 


0/5 


3/5 


Transgenic 


1/5 


3/5 


1/5 



* * TMV strain PV230 
+ * Susceptible 
- » Resistant 

20 Five plants in each group were scored for disease symptoms 14 days after inoculation. Within 14 days post-inocu- 

lation, both the control plants and the plants containing the Tm-2 determinant all developed symptoms of ToMV2 infection; 
three of five transgenic plants displayed symptoms over the same period (see Figure 8). The data in the foregoing table 
demonstrate that transgenic plants exhibit a level of resistance that is substantially better than the nontransformed 
controls and, moreover, is nonselective against multiple strains of ToMV (see also Figure 8). In contrast, genetic resist- 

25 ance is considerably narrower in scope. Among the test plants, 60% eventually did show signs of infection, but the 
symptoms were less severe than those of the Tm-2 plants. These results indicate that the resistance to ToMV2 imparted 
by CP expression in the test plants was comparable, if not better than, the genetic resistance encoded by Tm-2. 

EXAMPLE 4 . Cross-Protection Against Different Strains of Tobacco Mosaic Virus 

30 

Transformed tomato plants carrying the CaMV35S/TMV-CP/NOS construct were prepared in the manner described 
in Example 3. Seedling progeny of self-fertilized transgenic tomato plants were the test plants for this experiment. Control 
plants were seedling progeny not expressing the TMV coat protein and normal untransformed plants of the parental type. 

Test and control plants were inoculated with two different strains of TMV: 

35 

PV-230 - A virulent strain of TMV obtained from the ATCC (accession No. PV-230). 
L-TMV - A strain known to infect tomato plants. 

Test and control plants were inoculated with each of the foregoing TMV strains, at concentrations of 2 u.g/ml and 
40 20 u.g/ml : respectively, following the method described in Example 2. The results of this experiment are shown in Figure 
9. The data clearly show that the transgenic tomato plants which expressed TMV coat protein were resistant to TMV 
infection. Resistance was exhibited against both strains ol TMV tested. Moreover, a higher percentage of tomato plants 
(from 40% to 100%) did not develop symptoms within 29 days after inoculation despite the use of the virulent strain 
PV-230 at a concentration as high as 20 u.g/ml. 

45 

EXAMPLE 5 . Control of Virus Coat Protein Gene by Different Promoters 

An experiment was conducted to demonstrate the use of other promoters in the present invention and to demonstrate 
the correlation between the level of expression of coat protein and virus resistance. 

50 Group I plants were seedling progeny ol transgenic tobacco plants transformed 1o carry the CaMV35S/TMV-CP/NOS 

construct as described in Example 2. 

Group II and III plants were seedling progeny of transgenic tobacco plants transformed to express the TMV coat 
protein gene, as were Group I plants, except that a ssRUBISCO promoter from petunia (Turner et al (1986)) was sub- 
stituted for Ihe CaMV35S promoter by the following procedure. 

55 The petunia 1 1 A small subunit (ss) promoter fragment was isolated, via cleavage with EcoRI, from a genomic clone 

carried in bacteriophage lambda (Turner et al (1 986)). A resulting 1 .3 kb EcoRI fragment that carries the promoter was 
further digested with Pstl and inserted between the Pstl and EcoRI sites ol phage M1 3mp8 for site-directed mutagenesis 
to introduce a Bgll I site into the 5 ' non-translated sequence of the small subunit transcript (Figure 1 0). A partial sequence 
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of the petunia 11 A ss promoter and the mutagenesis primer appear in Figure 11. After cleavage with EcoRI and Bgtlt, 
the resulting 800 bp fragment was inserted into pMON200 that had been cleaved with EcoRI and Bglll. The resulting 
plasmid pMON8046 was digested with EcoRI, treated with the large Klenow fragment of DNA polymerase and with DNA 
ligase. A plasmid thai had lost the EcoRI site was isolated and named pMON8048 (see Figure 10). 

To construct a petunia ss-NOS 3' cassette, plasmid pMON311 , a derivative of pMON200 wherein the Smal site had 
been replaced with a BamHi linker from which the BamHI site was then removed by treatment with Klenow polymerase 
and ligase, was digested with Stul and Hindlll. The resulting 8 kb fragment was then mixed with the 300 bp Bglll -to-Hindi 1 1 
fragment purified from pMON31 6 and the 2.6 kb Stul-to-Bgll I fragment of pMON8048. The resulting plasmid pMON8049 
is similar to pMON316 except that the CaMV35S promoter has been replaced by the petunia ss promoter (Figure 12). 
The above-described, 700-bp TMV-CP coding sequence fragment, containing a Bglll site at the 5' end and an EcoRI 
site at the 3' end, was inserted into pMON8049 that was cleaved with Bglll and EcoRI, to yield pMON8059 (see Figure 
12), which carries a petunia ss promote r/TMV-CP/NOS construct. 

Group IV plants were transformed to contain only plasmid pMON200, and served as control plants. 

Each group contained 30 plants that were inoculated with TMV following the procedure outlined in Example 2(D). 
After inoculation, the plants were placed in the greenhouse and observed for symptoms of virus infection. 

The relative levels of TMV coat protein were estimated by Western blot analysis. With the mean value for the extent 
of coat protein gene expression in Group I plants valued at 100%, the following determinations were made: 



Mean \felue of CP Expression 


Group I 


100 


Group II 


14 


Group III 


3 


Group IV 


0 



Percent of Plants Displaying Symptoms 


Group 


(Days Post-Inoculation) 


3 


4 


5 


6 


7 


8 


10 


I 


0 


3 


7 


23 


40 


47 


50 


II 


0 


3 


13 


63 


83 


97 


97 


III 


0 


0 


15 


88 


100 






IV 


0 


13 


70 


100 









The data shown above support the following conclusions: 

(1) The ributose bis-phosphate carboxylase small subunit promoter is an effective promoter for use in the present 
invention, although it may not be as strong a promoter in certain plants as the CaMV35S promoter. 

(2) There is a positive correlation between the level of expression of coat protein and viral resistance. 

EXAMPLE 6 . Virus Disease Resistance in Transgenic Plants Containing a Virus Coat Protein Gene (Alfalfa Mosaic Virus) 

A DNA construct comprising the coat protein coding sequence of alfalfa mosaic virus (AMV CP) was prepared 
employing a strategy similar to that used for engineering TMV resistance. A full-length cDNA clone, encoding the coat 
protein of AMV, was obtained as described below and outlined in Fig. 1 3. The AMV coat protein cDNA was fused to the 
CaMV35S promoter and the NOS 3' end as described previously. The construct can then be transferred to plants using 
the Aqrobacte ri um -mediated transformation system. 

The complete nucleotide sequence of the tripartite RNA genome of AMV is known. The data indicate that the AMV 
genome encodes lour primary gene products: A 126 kikxJalton (kd) protein encoded by RNA 1 , a 90 kd protein encoded 
by RNA 2 and a 32 kd protein encoded by RNA 3. The coat protein is translated from a subgenomic messenger, des- 
ignated 'RNA 4," which is homologous to the 3' terminal 881 nucleotides of RNA 3 (Barker et al (1983b)). 

To synthesize a full-length cDNA encoding the coat prolein of AMV, synthetic oligonucleotide primers for both firsl- 
and second-strand cDNA synthesis were used. With reference to Figure 13, the primers used included unique EcoRI 
sites at each end of the AMV coat protein coding sequences. First-strand cDNA was synthesized from 5 u,g AMV total 
RNA and 55 ng primer in a 1 00 u.l reaction using 4mM sodium pyrophosphate and reverse transcriptase. By this method, 
cDNA's were synthesized that were 1 .04 x 1 0 6 (RNA 1 ), 0.73 x 1 0 6 (RNA 2) and 0.68 x 1 0 6 (RNA 3) daltons in molecular 
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weight. After the RNA template was hydrotyzed, the cDNA products were fractionated on a P-60 column. The sin- 
gle-stranded cDNA was annealed to the second-strand primer and incubated with reverse transcriptase. The resulting 
double-stranded cDNA contained AMV coat protein sequences flanked by EcoRI sites at each end. After digestion with 
EcoRI, the cDNA's were inserted into the EcoRI site of pUC9, and E. coli JM101 cells were transformed and selected 

5 on media containing ampicillin, I PTG and X-GaL Approximately 1 000 transformants were obtained. Twenty-five percent 
of the transformants hybridized to both the 5' and 3' specific primers. DNA was prepared from three positives, and an 
EcoRI digest revealed the presence of inserts with the expected size (881 bp). It was confirmed by nucleotide sequencing 
(—100 bp on each end) that these clones did, in fact, contain full-length AMV coat protein inserts. 

The 881 bp EcoRI fragment encoding the AMV coat protein was incorporated into the plant expression vector 

10 pMON316 in sense orientation (pMON9800). The structure of pMOIM9800 is shown in Figure 13. These vectors were 
then transferred to tobacco, tomato and petunia using the Aqrobacterium -mediated transformation system described 
in Example 2. 

To investigate further the expression of the AMV coat protein mRNA, Northern blot analysis was performed on callus 
tissue from transgenic tobacco plants (cv. "Samsun") containing the AMV coat protein gene in sense orientation 

is (pMON9800). Total RNA (40 u,g) from pMON9800 and pMON273, a vector control derived from pMON200 which lacks 
the AMV CP coding sequence, was loaded onto an agarose gel, was transferred to a membrane (Gene Screen®, man- 
ufactured by New England Nuclear), and then was probed with the 881 -bp cDNA insert which coded for the AMV coat 
protein. A group of bands which corresponded to the expected size of the transcript (1 .2 kb) showed very strong hybrid- 
ization. There were also transcripts ol smaller size which hybridized to the probe. No hybridization to the control callus, 

20 which was transformed with pMON273, was detected. 

A Western blot protocol was also developed for the detection of AMV coat protein in transgenic and infected plants. 
A commercially available anti-AMV IgG fraction (Agdia Inc., Mishawaka : IN) was used successfully in detecting the coat 
protein in transgenic tobacco calli and leaves, and in transgenic tomato leaves. More specifically, 30 u,g of protein from 
control and transgenic tobacco calli. and 40 fig of protein from control and transgenic tomato material, were applied to 

25 a Western blot, resulting in an immunoreactive band around 28-29 kd molecular weight which comigrated with purified 
AMV coat protein standard. 

Transgenic tobacco plants that were identified as expressing the AMV coat protein were inoculated with AMV Also 
inoculated were control plants that either were not transformed or were transformed with vector pMON316. Symptom 
development was monitored daily in the growth chamber. The control and transgenic plants used were similar in 3ize, 

30 physical appearance and development stage (all were starting to flower). Three leaves from the control and the trans- 
genic plants, respectively, were inoculated with an extract from AMV-infected plants. Subsequent titration analysis 
showed that the concentration of the AMV used in this inoculum was approximately 50 u.g/ml. 

The inoculated leaves of the control transgenic tobacco plants and the nontransformed tobacco plants showed 
symptoms a week after infection with AMV In contrast, none of the CP-expressing transgenic plants showed symptoms 

35 within a week after infection; after ten days, one of the latter plants had one or two lesions on one of the three inoculated 
leaves. Two weeks after infection, the number of lesions in the inoculated leaves of the control plants remained the 
same, but non inoculated upper leaves showed symptoms (chlorotic rings) which were uniformly spread over the surface 
of the leaves. The transgenic test plants that produced AMV coat protein showed no (or no additional) symptoms on 
either the inoculated or the systemic (non inoculated) leaves. 

40 Replication of AMV in the transgenic and control plants was determined by monitoring the level of coat protein via 

Western and dot blot analyses. A week after inlection, only background levels of expression were detected by Western 
blotting in the transgenic plants, i.e., the level o1 expression detected was comparable to the endogenous level of ex- 
pression of the introduced coat protein coding sequence. On the other hand, the control plants contained substantially 
higher levels of AMV coat protein. Quantitation of the hybridization signals by densitometry scanning indicated a 211 -fold 

45 difference between the transgenic and the nontransformed control tobacco plants. The transgenic tobacco controls were 
characterized by levels of AMV coat protein that ranged between 110 and 81 5 times higher than the levels of the AMV 
transformants. These results indicate that AMV replication is substantially lower in transgenic plants that make the pro- 
tein. 

50 EXAMPLE 7 . DNA Construct Containing Potato Virus X Coat Protein Coding Sequence 

A construct comprising the coat protein coding sequence of potato virus X (PVX CP) was prepared employing a 
process similar to that used for engineering TMV and AMV constructs. Potato virus X (PVX) ; which belongs to the 
potexvirus group, contains a single infectious genomic RNA of 2 x 10 6 daltons. The 3 -end region of the PVX RNA has 
55 been cloned and sequenced. This region contains the coat protein gene, which codes for a protein that is 237 amino 
acid residues in length (Zakharyev et al (1984)). 

A cDNA copy containing the PVX coat protein gene, save for the first ten codons from the 5 'end, was synthesized 
from polyadenylated PVX viral RNA. The cDNA copy, designated "clone p3a," was cloned into the Pstl site of pBR322 
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via the dG.dC tailing method of Zakharyev et al (1984). To repair the 5' end of the gene, a synthetic BamHI-Pstl fragment 
containing 18 bases of authentic 5' non-coding sequence immediately before, and 22 codons after, the initiation codon 
ATG was used to replace the smaller Pstl-Pstl fragment that contained the dG.dC tail and 11th-22nd codons. The dG.dC 
tail and part of dA.dT stretch at the 3' end of the gene were removed by Bal3l digestion of the larger Hpal l-Pstl fragment 
5 subctoned in pUC18, and a Clal site was created by linker addition. The Xhol-Clal fragment (approximately 170 bp) was 
used to replace the Xhol-Clal fragment which contained, respectively, the original 3' end sequence from p3a and Pstl-Clal 
sequence from pBR322. 

The final construct contained the cDN A of 18 bp of 5' non-coding region, 657 bp of coding region of the coat protein 
sequence (including TAA, the translation termination codon), 72 bp of 3' non -coding region and 40 bp of dA.dT stretch 

10 in pEMBL12(+) (see Figure 14). The sequence of the PVX coat protein gene is shown in Figure 15. A horizontal arrow 
indicates the 5' boundary of the PVX sequence in p3a The region derived from synthetic DNA is marked with a wavy 
line above the sequence. Restriction sites used in construction are underlined. Difterences between the present se- 
quencing data and that published by Zakharyev et al (1 984) are indicated underneath the sequence, and the new amino 
acids encoded are shown above the original ones. 

15 The full-length cDNA of the PVX coat protein gene was inserted into expression vectors derived from pMON505, 

utilizing either the CaMV35S promoter (pMON9818) or the ssRUBISCO promoter (pMON9819) and the rbcS-E9 3' end 
(Odell et al (1985)). The following vectors were made to express the PVX coat protein gene, and they were transferred 
to tobacco plants using the Agrobacterium -mediated transformation system described in Example 2: 

20 (a) pMON9809 - PVX coat protein coding sequence was inserted into pMON9818 between the CaMV35S promoter 

and rbcS-E9 3' end in sense orientation. 

(b) pMON9811 - A 5' fragment of the PVX coat protein coding sequence was inserted into pMON9818 in sense 
orientation. 

(c) pMON9813 - PVX coat protein coding sequence was inserted into pMON9819 between the rbcS8B promoter 
25 and E9 3' end in sense orientation. The plants can be inoculated with PVX and the level of virus resistance deter- 
mined, as described above. 

Unlike mRNA of AMV, potex viral RNA's are polyadenylated, which makes possible an alternative approach tocDNA 
synthesis by using oligo dT as a primer for first-strand synthesis and DNA polymerase or avian myoblastosis virus 
30 reverse transcriptase for the second-strand synthesis. The double-stranded DNA can be manipulated for isolation and 
expression in plants of the coat protein sequence as detailed earlier in this example. 

EXAMPLE 8 . DNA Construct Containing Tomato Golden Mosaic Virus Coat Protein Coding Sequence 

35 A plasmid that comprised a DNA construct containing a coding sequence capable of causing the production of the 

mRNA for the tomato golden mosaic virus (TGMV) coat protein was constructed as follows. Plasmid pBH404 (Bisaro 
et al (1982)) was digested with Xholl, and the fragment of approximately 1 kb extending from nucleotide 312 to 1285 
(Hamilton et al (1984)), which carries the coding sequence of the TGMV coat protein (TGMV CP), was isolated (see 
Figure 16). The fragment was inserted into pMON530, which plasmid was constructed by cleavage of pMON200 with 

40 Ndel to remove a 900 bp Ndel fragment. This resulted in pMON503, which was cleaved with Hindi II and Smal and mixed 
with pTJS75 (Schmidhauser & Helinski (1 985)) that had also been cleaved with Hindlll and Smal. A resulting plasmid, 
which contained the 3.8 kb Hindlll-Smal fragment of pTJS75 joined to the 8 kb pMON503 fragment, was saved and 
called pMON505. The CaMV35S-NOS expression cassette from pMON316 (see Figure 3) was isolated on a 2.4 kb 
Stul-Hindlll fragment and mixed with pMON505 DNA that had been cleaved with Stul and Hindlll. 

^5 The resulting plasmid pMON530 (see Figure 1 6) was digested with Bglll, and the 1 kb Xholl fragment carrying the 

TGMV coat protein coding sequence was inserted. A plasmid was identified that contained the 1 kb fragment in the 
sense orientation. This plasmid, designated B pMON40V carried a CaMV35S/TGMV-CP/NOS construct (see Figure 
16). By substantially the same procedure described in Example 2, tobacco plants were transformed with pMON401. 
Self-fertilization of these plants, which were resistant to kanamycin, yielded seedling progeny that can be assayed for 

50 virus resistance, pursuant to the approach detailed above. 

EXAMPLE 9 . Cloning of the Cucumber Mosaic Virus (CuMV) Coat Protein Gene 

Size-fractionated genomic RNAof strain CuMV-D (available from J.M. Kaper, USDA Agricultural Research Service, 
55 Beltsville, Maryland), enriched for RNA 4 : was polyadenylated such that the estimated number of AMP residues per 
CuMV RNA molecule was about 30. In order to synthesize double-stranded cDNA, the methodology of Wickens et al 
(1978) was adapted to prepare first -strand cDNA. More specifically, 80 uJ of a reaction mixture, containing 3 u.g of the 
polyadenylated CuMV-RNA4 : 100 mM Tris-HCI (pH 8.3), 140 mM KCI, 10 mM MgCfe, 19 mM beta-mercaptoethanol, 
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1 .5 ug 5 . 0.5 mM dNTP's, 20 u,Ci [alpha- 32 ?] dCTP (3000 Ci/mmole; New England Nuclear) and 48 units of AMV-re- 
verse transcriptase (Life Sciences, Inc.), were incubated at 42 ft C for 90 minutes. 4 u.l of 0.5M EDTA were then added 
to the reaction mixture, which was subsequently extracted with phenol/chloroform and then back-extracted with 20 pi 
of 0.5 Tris-HCI (pH 7.5). The product was recovered free of nucleotides by two successive precipitations with one-third 

5 volume of 8M ammonium acetate and two volumes of ethanol. 

The cDNA from the above reaction was dried and resuspended in 40 uJ of water. Second-strand synthesis was 
adapted from Gubler & Hoffman (1983). The cDNA in 40 \x\ of water was added to the reactbn mixture, which contained 
20 mM Tris-HCI (pH7.5), 10mM (NH 4 ) 2 S0 4 , 5 mM MgClg, 100 mM KCI, 0.2 mg/ml BSA, 0.1 mM dNTP's, 30 units DNA 
polymerase I (New England Bbiabs), 20 u,Ci [atpha- 32 P] dCTP and 2 units of RNAse H (BRL) in a volume of 0.1 ml. 

10 This reaction mixture was first incubated at 1 1 9 C for one hour, and then at 22° C for one hour. The product was recovered 
in the same manner as described about for the synthesis of the first-strand cDNA. 

Pursuant to the methods disclosed by Huynh et al (1 985), the double-stranded cDNA was methylated with EcoRI 
methylase, ligatedto phosphorylated EcoRI linkers (New England Biolab), digested with EcoRI enzyme, and then sep- 
arated from excess linkers. The cDNA was thereafter electrophoresed on a 1% agarose gel, with marker DNA in flanking 

is lanes. Markers were visualized by ethidium bromide staining, and a gel si be was excised containing cDNA of sizes 
approximately 900-1300 bp. The cDNA was electroeluted, precipitated in the presence of 5 jig of glycogen carrier 
(Boehringer Mannheim Biochemicals), and resuspended in a volume of H 2 0 compatible with a 10 ^il ligation reaction 
volume. The cDNA was then ligated at room temperature for four hours to 20 ng of EcoRI -digested, phosphatased 
pEMBL12(+) DNA. The resulting plasmids were then transformed into E. coli strain JM101. Colonies were selected by 

20 ampicillin resistance, as well as by white color on plates spread with 0.6 mg X-Gal and IPTG. Insert size was determined 
by EcoRI digestion of miniprep DNA (Maniatis et al (1982)). 

Sixteen clones with inserts ranging between 600 and 1300 bp were further screened by dideoxy sequencing to 
determine the presence of sequences homologous to the CMV coat protein of strain X, as reported by Gould & Symons 
(1 982). The longest clone was completely sequenced to confirm that full-length cDNA for CuMV CP had been obtained. 

25 The CuMV coat protein coding sequence can be cloned into the expression vectors pMON9818 and pMON9819 (see 
Example 7 above). These vectors can then be used to produce sense sequences from the CuMV coal protein coding 
sequence. 

The following vectors were constructed and transferred into plants: 

30 pMON9816 - CuMV coat protein coding sequence in pMON981 8 in sense orientation. 

These vectors were introduced into Agrobacterium cells, in accordance with Example 2, and transformed tomato and 
tobacco plants produced. These plants can be inoculated with CuMV, and the level of virus resistance determined, as 
described above. 

35 

EXAMPLE 10 . Manipulation of RNA from Potato Leafroll Virus 

Purified potato leafroll virus (PLRV) was obtained from Dr. Pete Thomas (USDA Agricultural Research Station, 
Prosser, Washington), and intact viral RNA, about 6 kb in size, was isolated therefrom. This RNA can be polyadenylated 
40 using E. coli poly(A) polymerase; as described above, the first strand of the cDNA can then be synthesized by oligo dT 
priming. Thereafter, the second cDNA strand can be synthesized by use of DNA polymerase I in the presence of RNAse 
H, pursuant to Gubler & Hoffman (1983). 

The double-stranded cDNA thus produced can be methylated with EcoRI methylase, ligated to EcoRI linkers, and 
then ligated to EcoRI -digested pEMBL12(+) in accordance with Example 9 above. The resulting plasmids can be trans- 
45 formed into E. coli JM 101 (Messing & Vieira (1982)), and the recombinant clones thereby obtained can be screened by 
using antibodies against PLRV, as described by Thomas (1 983). A cDNA segment identified as encoding the viral coat 
■ protein can be obtained by introducing a new restriction site and ATG translational initiator codon immediately adjacent 
(vis-a-vis the 5' end) to the codon for the NH 2 -termina! amino acid of the mature coat protein. This can be accomplished 
via the method of Zoller & Smith (1982). 

so 

EXAMPLE 11 . Manipulation of DNA from Cauliflower Mosaic Virus 

The coat protein coding sequence for cauliflower mosaic virus (CaMV) can be isolated on a 1.6 kb fragment by 
cleavage of plasmid pOS1 (Howarth et al (1981)) with Accl, followed by treatment with Ihe Klenow fragment of DNA 
55 polymerase and cleavage with BamHI; the plasmid itself can be obtained from Dr. Robert Shepherd (University of Ken- 
tucky, Lexington). After the 1.6 kb fragment is subjecled to electrophoretic separation on a gel, it can be purified using 
an NA-45 membrane (Schleicher & Scheull, Keene, NH) and mixed with pMON316 DNA which has been digested with 
EcoRI, treated with the Klenow fragment and digested with Bglll. 
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Treatment with ligase yields a recombinant plasmid containing the CaMV coat protein coding sequence, which 
plasmid can be used to transform cells as described above. Those cells carrying the plasmid with the coding sequence 
in the sense orientation can be identitied by digestbn ot the plasmid DNA with Hindlll, i.e., such DNA will display Hindlll 
fragments of 1.1 and 0.7 kb, as well as a larger fragment from the rest of the plasmid. Plasmid DNA containing a cor- 
5 rectly-oriented CaMV coat protein coding sequence can then be cloned and introduced into plant cells, which in turn 
can be regenerated into whole plants. The virus resistance of these transformed plants can be determined thereafter in 
accordance with the basic approach detailed previously. For example, the resistance of transformed tobacco plants can 
be assayed by inoculation with CaMV strains W260, W262 and W283, which infect tobacco (Gracia & Shepherd (1 985)). 

10 EXAMPLE 12 . DNA Construct with the TMV Coat Protein Coding Sequence Controlled by the MAS (2 1 ) Promoter 

A DNA fragment carrying the MAS promoter was excised from plasmid pNW 34C-2-1 (Garfinkel et al (1 981 )), which 
carries the octopine-type pTiA6 plasmid BamHI 2 fragment with EcoRI (21,631) and Clal (20,138). (The numbers in 
parentheses are the coordinates of the cleavage sites taken from the published sequence of the octopine-type Ti plasmid 

is T-DNA sequence of Barker et al (1 983a).) The resultant 1503 bp fragment was purified and inserted into EcoRI- and 
Clal-cleaved pMON505 (Horsch & Klee (1986)) to produce pMON706. The NOS3' end was excised from pMON530 
with Bglll and BamHI. The 298 bp NOS3' fragment was introduced into the Bglll site of pMON706, adjacent to the 3' 
end of the MAS promoter, to produce pMON707. 

The resulting MAS promote r-NOS3' cassette in pMON707 was transferred toa cointegrating-type vector by cleaving 

20 pMON707 with Stul and Hindlll and then isolating the 3.2 kb fragment which carried the NOS-NPTII'-NOS chimeric 
kanamycin resistance gene and the MAS promoter-NOS3' cassette. This fragment was added to the 7.7 kb Stul-to-Hin- 
dlll fragment ol pMON200. The resulting plasmid, pMON9741, is analogous to pMON316 but contains an expression 
cassette wherein the MAS promoter replaces the CaM V35S promoter. 

The TMV-CP coding sequence can be obtained as described in Example 2, or by digestion of pTM319 DNA with 

25 Bglll and BamHI, as disclosed by Abel et al (1986). The 700 bp CP-encoding fragment can then be inserted into 
pMON9741 that has been cleaved with Bglll. A plasmid with the CP insert in the sense orientation with respect to the 
promoter and NOS3' can be identified by digestbn of the plasmid DNA with Bglll and EcoRI to release the MAS promoter 
on a 1 .5 kb fragment and the CP coding sequence on a fragment of 700 bp. The resulting plasmid can then be mated 
into A. tumefaciens , and the A. tumefaciens cells carrying the MAS/TMV/-CP/NOS3' construct used to obtain trans- 

30 formed tobacco and tomato plants as described above. The transformed plants can be assayed for virus resistance in 
the manner described previously. 

EXAMPLE 13 . Transformation of Plant Cells with Free DNA Vectors Using An Electroporation Technique 

35 The following description outlines a non -Agrobacterium -based, free DNA-delivery procedure to effect introduction, 

for purposes of obtaining virus disease resistance, of plasmid DNA into a variety of plant cells from which the outer 
membranes are removed (protoplasts). 

A. Protoplast Isolation and Culture in Dicotyledon Species 

40 

Cultures of cells from soybean [Glycine max (GM)], petunia [Petunia hybrida Mitchell (MP4)] and carrot IDaucus 
carota (TC)] were grown, following Widholm (1977) : in 250 ml Erlenmeyer flasks on gyratory shakers (135 rpm; 
27 6 -28°C), in 50 ml of MS culture medium (Murashige & Skoog (1 962)) which contained 0.4 mg/l, 2,4-D for TC and GM, 
or 0.2 mg/l p-Chlorophenoxy-acetic acid for MP4. 

45 Protoplasts from GM and TC were produced, respectively, by incubating 10 ml packed cell volume of exponential- 

ly-growing, suspension culture cells for about 12 hours in 40 ml of enzyme dissolved in 10% mannitol and 0.1% 
CaCI 2 -2H 2 0 (pH 5.7). The enzyme mixture contained 2% Cellulase R-10 (Kinki Yakult, Nishinomiya, Japan), 0.1% 
Macerozyme R-10 (Kinki Yault) and 0.5% Pectolayase Y-23 (Seishin Pharmaceutical Co. Ltd., Noda, Chiba, Japan). 
The resulting protoplasts were isolated, purified and cultured as disclosed by Hauptmann & Widholm (1982). 

so Mesophyll protoplasts from MP4 were isolated and cultured as disclosed by Fraley et al (1984), except that the 

enzyme mixture used was the same as that employed for the suspension cultures. 

B. Protoplast Isolation and Culture in Monocotyledon Species 

55 Monocot cells were taken from wheat fTriticum monococcum (TM) and Triticum aestiuum (TA), as disclosed by 

Maddock et al (1983) and Oxias-Akins & Vasil (1983)], elephant grass [Pennisetum purpureum (PP), as disclosed by 
Vasil et at (1983) and Karlsson & Vasil (1986)], guinea grass fPanicum maximum (PM), as disclosed by Lu & Vasil 
(1981) and Karlsson a Vasil (1986)], rice fOryza sativa (OS), as disclosed by Heyser et al (1983) and Yamada et al 
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(1 986)], corn fZea mays (ZM), as disclosed by Meadows (1 982)], sugarcane fSaccharum officinarum (SC), as disclosed 
by Ho & Vasil (1 983) and Srinh/asin & Vasil (1 985)] ; and a double cross trispecific hybrid, disclosed by Dujardin & Hanna 
(1984), between Pennisetum americanum , P. purpureum . and R squamulatum (PAPS). Suspension cultures of PM 
and PAPS were grown in a modified MS medium (Vasil & Vasil (1981)) containing 5% coconut milk and 2 mg/l 2,4-D, 

5 while the MS medium used for SC cultures contained and additional 500 mg/l casein hydrolysate. The TM suspension 
culture was grown in liquid medium in accordance with Dudits et al (1977). The other monocot ceil cultures were grown 
as disclosed, respectively, in the above-cited references. Except for TM and PAPS, which were subcultured twice weekly, 
all suspension cultures were grown on a 7-day subculture regime, with a 2*8 ml inoculum in 35 ml of medium. Prior to 
protoplast isolation, the suspensions were subcuftured on the fourth to fifth day with a 5-8 ml inoculum in 25-35 ml 

10 medium. 

Protoplasts for each monocot cell-type were isolated, as disclosed by Vasil et al (1 983), using various enzyme 
mixtures dissolved in 3 mM MES, 0.45 M mannitol, 7mM CaC^HgO, and 0.7 mM NaH 2 P0 4 OH (pH 5.6). The enzyme 
mixtures included 1 .0% Cellulase RS (Kinki Yakutt), and 0.8% pectinase (Sigma) for TM and PM; 2% Cellulase RS and 
0.7% pectinase for SC; 3% Cellulase R-10 and 0.7% pectinase for PP; and 2.5% Cellulase R-10 and 0.75% Pectinase 
is for PAPS. 

The isolated monocot protoplasts were then cultured in 8p medium (Vasil & Vasil (1980)), as modified by Kao & 
Michayluk (1975). The culture medium contained 0.4-0.5 M glucose, 0.5-1.0 mg/l 2, 4-D and 0.2 mg/l zeatin, and was 
diluted 1 :2.3 with protoplast culture medium after 1 week. To determine plating efficiency ol PAPS and TM, the equivalent 
of 2 ml of the original protoplast culture were diluted to 36 ml with suspension culture medium that contained 0.4% 
20 Seaplaque agarose (FMC) after 2-3 weeks. Three ml of the diluted culture were then plated over a layer of the same 
medium containing 0.6 % agarose in a 10 cm petri dish. 

C. Free DNA Delivery by Electroporation 

25 in the presence of plasmid DNA containing the kanamycin resistance gene, protoplasts were elect roporated using 

the Zimmerman Cell Fusion System (GCA Precision) or a capacitor discharge bank (Fromm et al (1 985)). Electroporation 
with the Zimmerman Cell Fusion System was performed in a Zimmerman Helical Fusion Chamber or in an electroporation 
chamber constructed out of cuvettes and platinum or aluminum foil, following the method or Potter et al (1 984). Pulses 
(240 V DC) were delivered, at 999.9 u.sec, in series of 9 pulses each. Each series of pulses was delivered 1 , 1 0, 50 and 

30 100 times, respectively, in the presence of 14 u,g of plasmid DNA, with and without 50 u,g of calf thymus DNA, in the 
protoplast wash solution. 

A capacitor bank was constructed to contain four each of 40, 110 : 240 340 uF capacitors, along with one 100 and 
one 2400 |iF capacitor (Mallory); the capacitors could be charged and discharged individually or in parallel. The pulse 
discharge was monitored using a dual-channel recording oscilloscope (Tectronics model 584 B). Amperage was deter- 

35 mined by measuring the discharge across a 1 ohm resistor during electroporation. 

Prbr to electroporation, the protoplasts were washed once in 10 mM Hepes, 150 mM NaCI, 5 mM CaCI 2 , and 0.2 
M mannitol (pH 7.2), and then were brought to a density of approximately 3 x 10 s protoplasts/ml using the same buffer 
(Fromm el al (1 985)). To 1 ml of resuspended protoplasts, 20 yig of plasmid DNA were added and mixed. The protoplasts 
were electroporated using various voltages and capacitances. The protoplasts were maintained on ice for approximately 

40 1 o minutes, after which the plating in liquid culture medium was effected. 

To estimate the number of dicot protoplasts that were lysed by various electroporation treatments, the density of 
TC protoplasts was determined prior to, and immediately after, delivering of the pulse discharge; the measured values 
were expressed as percent survival. Viability determinations were based on phenosafranin dye exclusion as disclosed 
by Widholm (1972), two days after electroporation. The results were expressed as percent viability compared to a 

45 non-electroporated control. An estimate of plating efficiency of electroporated monocot protoplasts was obtained by 
counting the number of colonies formed after 3-4 weeks of culture, and was expressed as percent of a non-electroporated 
control. 

Transformed colonies were selected after transfer to medium containing kanamycin, as disclosed by Fromm et al 
(1986). In the same fashion, plasmids such as pMON31 9, pMON401 , pMON9800, pMON9809 and pMON9816 which 
50 contain an engineered virus coat protein and the kanamycin-setectable marker can be used for free DNA transformation. 
Regenerated plants can be monitored for coat protein mRNA and protein production, using the procedures described 
in Example 2. 
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25 Claims 

1 . A process for producing genetically transformed plants which are resistant to infection by a plant virus, comprising 
the steps of: 

so (a) inserting into the genome of a plant cell a recombinant, double stranded DNA molecule comprising: 

(i) a promoter which functions in plant cells to cause the production of an mRNA polynucleotide; 

(ii) a DNA polynucleotide having a sequence that corresponds to said mRNA polynucleotide, said mRNA 
polynucleotide having a sequence encoding the coat protein or substantial portion thereof of said plant virus; 

35 (iij) a 3' non-translated region which functions in plant cells to cause the addition of polyadenylate to the 3' 

end of said mRNA polynucleotide; 

(b) obtaining transformed plant cells which express coat protein or a substantial portion thereof; and 

(c) regenerating from said transformed plant cells genetically transformed plants which have increased resist- 
40 ance to infection by said plant virus. 

2. A process as claimed in claim 1, wherein said DNA polynucleotide is derived from the plant virus. 

3. A process as claimed in claim 1 or claim 2 : wherein said promoter is a plant DNA virus promoter. 

45 

4. A process as claimed in claim 3, wherein said promoter is a 35S promoter of cauliflower mosaic virus. 

5. A process as claimed in claim 1 or claim 2, wherein said promoter is a nopaline synthase or octopine synthase 
promoter. 

so 

6. A process as claimed in claim 1 or claim 2 . wherein said promoter is a plant gene promoter. 

7. A process as claimed in claim 6, wherein said promoter is a ribulose bis-phosphate carboxylase small subunit 
promoter. 

55 

8. A process as claimed in claim 1 or claim 2, wherein said promoter is a promoter of a gene encoding a hydroxypro- 
line-rich glycoprotein. 
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9. A process as claimed in claim 1 or claim 2. wherein said promoter is a mannopine synthase promoter. 

10. A process as claimed in any of the preceding claims, wherein said DNA polynucleotide (ii) is double-stranded viral 
DNA or double-stranded DNA synthesized from a DNA or RNA viral polynucleotide. 

5 

11. A process as claimed in any one of the preceding claims, wherein said plant virus is selected from tobacco mosaic, 
soybean mosaic, bean pod mottle, tobacco ring spot, barley yellow dwarf, wheat streak, wheat spindle streak, soil 
bom mosaic, maize dwarf mosaic, maize chlorotic dwarf, alfalfa mosaic, potato virus X, potato virus Y, potato leaf roll, 
tomato golden mosaic and cucumber mosaic virus. 

w 

12. A process as claimed in claim 11, wherein said plant virus is a tobacco mosaic virus. 

13. A process as claimed in any one of claims 1 to 11 wherein said plant virus is selected from soybean mosaic, bean 
pod mottle, tobacco ring spot, barley yellow dwarf, wheat streak, wheat spindle streak, soil bom mosaic, maize 

is dwarf mosaic, maize chlorotic dwarf, alfalfa mosaic, potato virus X, potato virus Y, potato leafroll, tomato golden 

mosaic and cucumber mosaic virus. 

1 4. A process as claimed in any one of the preceding claims wherein the transformed plants are screened to determine 
resistance to said plant virus. 

20 

1 5. A recombinant double-stranded DNA construct, containing a sequence that corresponds to a portion of a plant viral 
genome that encodes the coat protein or substantial portion thereof of a virus other than tobacco mosaic virus, said 
construct comprising, in the 5* to 3' direction of transcription: 

25 (i) a promoter which functions in plant cells to cause the production of an mRNA polynucleotide; 

(ii) a DNA polynucleotide having a sequence that corresponds to said mRNA polynucleotide, said mRNA poly- 
nucleotide having a sequence encoding the coat protein or substantial portion thereof of a plant virus other than 
tobacco mosaic virus; 

(iii) a 3' non-translated region which functions in plant cells to cause the addition of polyadenylate to the 3' end 
30 of said mRNA polynucleotide said DNA molecule being capable of causing sufficient expression of said coat 

protein to inhibit or substantially reduce viral infection. 

16. A DNA molecule as claimed in claim 15 wherein said virus is selected from soybean mosaic : bean pod mottle, 
tobacco ring spot, barley yellow dwarf, wheat streak, wheat spindle streak, soil born mosaic, maize dwarf mosaic, 

35 maize chlorotic dwarf . alfalfa mosaic, potato virus X, potato virus Y, potato leafroll, tomato golden mosaic and cucum- 

ber mosaic virus. 

17. A DNA molecule as claimed in claim 15 or 16, wherein said promoter is the 35S promoter from a cauliflower mosaic 
virus. 

40 

18. A plant transformation vector comprising a DNA molecule as claimed in any one of claims 15 to 17. 

19. A bacterial cell containing a plant transformation vector as claimed in claim 18. 

45 20. A bacterial cell as claimed in claim 19, wherein said bacterial cell is an Agrobacterium tumefaciens cell. 

21. A transformed plant cell containing DNA as claimed in any one of claims 1 5 to 17. 

22. A differentiated plant comprising transformed plant cells as claimed in claim 21 which exhibit resistance to said plant 
50 virus. 

23. A plant as claimed in claim 22, said plant being from a family selected from Lequminosae , Umbelliferae .. Cruciferae , 
Cucurbitaceae , and Solanaceae . 

55 24. A plant as claimed in claim 22, wherein said plant virus is alfalfa mosaic virus. 

25. A plant as claimed in claim 24, said plant being a tobacco plant. 
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26. A plant as claimed in claim 24, said plant being a tomato plant. 

27. A plant propagule containing a DNA molecule as claimed in any one of claims 15 to 17. 

5 28. Plant genomic DNA having stably incorporated therein a DNA construct as claimed in any one of claims 15 to 17. 

29. A process for producing virus resistant plants, comprising the steps of: 

(i) inserting into the genome of a plant cell a recombinant: double-stranded DNA molecule comprising: 

w 

(a) a promoter which functions in plant cells to cause the production of an mRNA polynucleotide; 

(b) a DNA polynucleotide having a sequence that corresponds to said mRNA polynucleotide having a 
sequence encoding the coat protein or substantial portion thereof of said plant virus; and 

(c) a 3* non-translated region which functions in plant cells to cause the addition of polyadenylate to the 3* 
15 end of said mRNA polynucleotide; 

(ii) obtaining transformed plant cells which express coat protein or a substantial portion thereof; 

(iii) regenerating from the transformed plant cells genetically transformed plants which have increased resist- 
ance to infection by said plant virus; and 

20 

(d) propagating said plants. 

30. A process as claimed in claim 29 wherein said virus is selected from soybean mosaic, bean pod mottle, tobacco 
ring spot, barley yellow dwarf, wheat streak, wheat spindle streak, soil bom mosaic, maize dwarf mosaic : maize 

25 chlorotic dwarf, alfalfa mosaic, potato virus X, potato virus Y, potato leaf roll, tomato golden mosaic and cucumber 

mosaic virus. 

31. A process as claimed in claim 29 or claim 30 wherein the transformed plants are screened to determine resistance 
to said plant virus. 

30 

32. A process as claimed in any one of claims 29 to 31, in which the plant is propagated by crossing between a first 
plant and a second plant, said first or second plant being a plant according to claim 29, such that at least some 
progeny of said cross display resistance to said plant virus. 

35 33. A process for producing a plant propagule containing a DNA molecule as defined in claim 1 which comprises pro- 
ducing genetically transformed plants by a process as claimed in any one of claims 1 to 14 or 29 1o 32 and obtaining 
said plant propagule from said genetically transformed plants. 

34. A process as claimed in claim 33 wherein said plant propagule contains a DNA molecule as claimed in claim 15. 

40 

35. A process as claimed in any one of claims 1 to 11 wherein a DNA molecule of claim 1 5 is used. 

36. A process as claimed in claim 29 wherein a DNA molecule of claim 1 5 is used. 

45 

Patentanspruche 

1 . Verfahren zur Herstellung genetisch transformierter Pflanzen, die gegenuber Inf ektion durch ein Pflanzenvirus resi- 
stent sind, umfassend die Schritte: 

so 

a) Insertion in das Genom einer Pflanzenzelle eines rekombinanten, doppelstrangigen DNA-Molekuls, umfas- 
send: 

i) einen Promotor, der in Pflanzenzellen wirkt um die Produklion eines mRNA-Polynucleotids zu verursa- 
55 chen; 

ii) ein DNA-Polynucleotid mil einer Sequenz, die dem mRNA-Polynucleotid entspricht, wobei das 
mRNA-Porynucleotid eine Sequenz aufweist, die fur das Hullproteia Oder einen wesentlichen Teil davon, 
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des Pflanzenvirus kodiert; 

iii) eine 3-nichttranslatierte Region, die in Pflanzenzellen wirkt, um die Addition von Polyadenylat an das 
3'-Ende des mRNA-Pofynucleotids zu verursachen; 

5 

b) Gewinnungtranstormierter Pflanzenzellen, die Huliprotein, oder einen wesentiichen Teil davon, exprimieren; 
und 

c) Regeneration genetisch transformierter Pflanzen, die eine erhdhte Resistenz gegenuber Infektion durch das 
10 Pflanzenvirus aufweisen, aus den transfonmierten Pflanzenzellen. 

2. Veriahren gemaG Anspruch 1, worin das DNA-Polynucleotid von dem Pflanzenvirus abgeleitet ist. 

3. Verfahren gemaG Anspruch 1 oder Anspruch 2, worin der Promotor ein Pflanzen-DNA-Virus-Promotor ist. 

15 

4. Verfahren gemaG Anspruch 3, worin der Promotor ein 35S-Promotor von Blumenkohlmosaik-Virus ist. 

5. Verfahren gemaG Anspruch 1 oder Anspruch 2, worin der Promotor ein Nopalin-Synthase- oder Octopin-Synt- 
hase-Promotor ist. 

20 

6. Verfahren gemaG Anspruch 1 oder Anspruch 2, worin der Promotor ein Pflanzen genpromotor ist. 

7. Verfahren gemaG Anspruch 6, worin der Promotor ein Ribulose-bis-phosphat-Carboxylase-Kleine-Untereinheit-Pro- 
motor ist. 

25 

8. Verfahren gemaG Anspruch 1 oder Anspruch 2, worin der Promotor ein Promotor eines Gens ist, das f Or ein Hydro- 
xyprolin-reiches Glycoprotein kodiert. 

9. Verfahren gemaG Anspruch 1 oder Anspruch 2, worin der Promotor ein Mannopin-Synthase-Promotor ist. 

30 

10. Verfahren gemaG irgendeinem der vorstehenden Anspruche, worin das DNA-Polynucleotid (ii) eine doppelstran- 
gige, virale DNA ist, oder eine doppelstrangige DNA, die von einem viralen DNA- oder RNA-Potynucleotid synthe- 
tisiert worden ist. 

35 11. Verfahren gemaG irgendeinem der vorstehenden Anspruche, worin das Pflanzenvirus ausgewahlt ist aus Tabak- 
mosaik-, Sojabohnenmosaik-, Bean-pod-mottle-, Tabakringflecken-, Gerstengelbverzwergungs-, Weizenstrichel-, 
Weizenspindelstrichel-, Soil-born-mosaic-, Maize-dwarf- mosaic-, Maize-chlorotic-dwarf-, Luzernemosaik-, Kartof- 
fel-X- ; Kartoffel-Y-, KartoffelblattrolK Tomato- golden-mosaic- und Gurkenmosaik- Virus. 

40 12. Verfahren gemaG Anspruch 11 , worin das Pflanzenvirus ein Tabakmosaik- Virus ist. 

13. Verfahren gemaG irgendeinem der Anspruche 1 bis 11, worin das Pflanzenvirus ausgewahlt ist aus Sojabohnen- 
mosaik-, Bean-pod-mottte-, Tabakringflecken-, Gerstengelbverzwergungs-, Weizenstrichek Weizenspindelstri- 
chel-, Soil-born-mosaic-, Maize-dwarf-mosaic-, Maize-chlorotic-dwarf-, Luzernemosaik-, Kartoffel-X-, Kartoffel-Y-, 

45 Kartoffelblattrotl-, Tomato-golden-mosaic- und Gurkenmosaik- Virus. 

14. Verfahren gemaG irgendeinem der vorstehenden Anspruche, worin die transform ierten Pflanzen zur Bestimmung 
der Resistenz gegenuber dem Pflanzenvirus einem Screening unterzogen werden. 

50 15. Rekombtnantes, doppelstrangiges DIMA-Konstrukt, das eine Sequenz enthalt, die einem Teil eines Pflanzenvirus- 
genoms entspricht das fur das Huliprotein, oder einen wesentiichen Teil davon, eines Virus kodiert, das nbht Tabak- 
mosaik- Virus ist, wobei das Konstrukt in der 5 , -nach-3 , -Richtung der Transcription umfaGt: 

i) einen Promotor der in Pflanzenzellen wirkt, um die Produktion eines mRNA-Poly nucleoids zu verursachen; 

55 

ii) ein DNA-Polynucleotid mit einer Sequenz, die dem mRNA-PolynucleotkJ entspricht, wobei das 
mRNA-Poiynucleotid eine Sequenz aufweist, die fur das Huliprotein, oder einen wesentiichen Teil davon, eines 
Pflanzenvirus, das nicht Tabakmosaik-Virus ist, kodiert; 
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iii) eine 3 , -nichttranslatierte Region, die in Pflanzenzellen wirkt, urn die Addition von Polyadenylatandas 3'-Ende 
des mRNA-Pofynucleotids zu verursachen, wobei das DNA-Molekul in der Lage ist, eine ausreichende Expres- 
sion des HOIIproteins zu verursachen, um eine virale Infektion zu inhibieren Oder wesentlich zu reduzieren. 

s 16. DNA-Molekul gema& Anspruch 15, wobei das Virus ausgewahlt ist aus Sojabohnenmosaik-, Bean-pod-mottle-, 
Tabakringflecken-, Gerstengelbverzwergungs-, Weizenstrichei-, Weizenspindelstrichel-, Soil-born-rnosaic-, 
Maize-dwari-mosaic-, Matze-chtorotic-dwarf-, Luzernemosaik-, Kartoffel-X-, Kartoffel-Y-, Kartoffelbiattroll-, 
Tomato-golden-mosaic- und Gurkenmosaik-Virus. 

W 17. DNA-Molekul gemaS Anspruch 15 oder 16, wobei der Promotor der 35S-Promotor eines Blumenkohlmosaik- Virus 
ist. 

18. Pflanzentransfonmationsvektor, umfassend ein DNA-Molekul gemaB irgendeinem der Anspruche 15 bis 17. 
is 19. Bakterienzelle, enthaltend einen Pflanzentransformationsvektor gemaB Anspruch 18. 

20. Bakterienzelle gemaB Anspruch 1 9, wobei die Bakterienzelle eine Agrobakterium tumefaciens -Zelle ist. 

21. Transform ierte Pflanzenzelle, enthaltend DNA gemaB irgendeinem der Anspruche 15 bis 17. 

20 

22. Differenzierte Pflanze, umfassend transformierte Pflanzenzellen gemaB Anspruch 21. die Resistenz gegenuber 
dem Pflanzenvirus zeigen. 

23. Pflanze gemaB Anspmch 22, wobei die Pflanze von einer Familie stammt, ausgewahlt aus Leguminosae , Urobel- 
25 liferae , Cruciferae , Cucurbitaceae und Solanaceae. 

24. Pflanze gemaB Anspruch 22, wobei das Pflanzenvirus Luzernemosaik- Virus ist. 

25. Pflanze gemafl Anspruch 24, wobei die Pflanze eine Tabakpflanze ist. 

30 

26. Pflanze gemaB Anspruch 24, wobei die Pflanze eine Tomat en pflanze ist. 

27. Rlanzenvermehrungsmaterial, enthaltend ein DNA-Molekul gemaB irgendeinem der Anspruche 15 bis 17. 

35 28. Genomische Pflanzen-DNA, in der ein DNA-Konstrukt gemaB irgendeinem der Anspruche 1 5 bis 1 7 stabil inkorpo- 
riert ist. 

29. Verfahren zur Herstellung Virus-resistenter Pflanzen, umfassend die Schritte: 

40 j) insertion in das Genom einer Pflanzenzelle eines rekombinanten, doppelstrangigen DNA-Molekuls, umfas- 

send: 

a) einen Promotor, der in Pflanzenzellen wirkt, um die Produktion eines mRNA-Polynucleotids zu verursa- 
chen; 

45 

b) ein DNA-Polynucleotid mit einer Sequenz. die dem mRNA-Polynucleotid entspricht, das eine Sequenz 
aufweist. die fur das Hullprotein, oder einen wesentlichen Teil davon, des Pflanzenvirus kodiert; und 

c) eine 3'-nichttranslatierte Region, die in Pflanzenzellen wirkt, um die Addition von Polyadenylat an das 
50 3'-Ende des mRNA-Polynucleotids zu verursachen; 

ii) Gewinnung transformiertsr Pflanzenzellen. die Hullprotein, odor einen wesentlichen Teil davon : exprimieren; 

iii) Regeneration genetisch transformierter Pflanzen, die eine erhohte Resistenz gegenuber Infektion durch das 
55 Pflanzenvirus aufweisen, aus den transformierten Pflanzenzellen; und 

d) Propagierung der Pflanzen. 
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30. Verfahren gemaB Anspruch 29, worin das Virus ausgewahlt ist aus Tabakmosaik-, Sojabohnenmosaik-, 
Bean-pod-mottle-, Tabakringflecken-, Gerstengelbverzwergungs-, Weizenstrichel-, Weizenspindelstrichel-, 
Soil-bom-mosaic-, Maize-dwarf-mosaic-, Maize-chlorotic-dwarf-, Luzememosaik-, Kartoffel-X-, Kartoffel-Y-, Kartol- 
felblanroll-, Tomato-golden-mosaic- und Gurkenmosaik-Virus. 

31. Verfahren gemaB Anspruch 29 oder Anspruch 30, worin dietransformierten Pflanzen zur Bestimmungder Resistenz 
gegenuber dem Pflanzenvirus einem Screening unterzogen werden. 

32. Verfahren gemaB irgendeinem der AnsprQche29 bis 31 , bei dem die Pflanze durch Kreuzung zwischen einer ersten 
Pflanze und einer zweiten Pflanze propagiert wird, wobei die erste oder die zweite Pflanze eine Pflanze gemaB 
Anspruch 29 ist so daft mindestens einige Nachkommen der Kreuzung Resistenz gegenuber dem Pflanzenvirus * 
zeigen. 

33. Verfahren zur Herstetlung von Pflanzenvermehrungsmaterial enthaltend ein DNA-Molekul wie in Anspruch 1 defi- 
niert. das die Herslellung genetischtransformierter Pflanzen durch ein Verfahren gemaB irgendeinem der Anspruche 
1 bis 14 oder 29 bis 32 und die Gewinnung des Pflanzenvermehrungsmaterials aus den genetisch transform! erten 
Pflanzen umfaBt. 

34. Verfahren gemaB Anspruch 33, worin das Pflanzenvermehrungsmaterial ein DNA-Molekul gemaB Anspruch 15 
enthalt. 

35. Verfahren gemaB irgendeinem der Anspruche 1 bis 11 , worin ein DNA-Molekul gemaB Anspruch 1 5 verwendet wird. 

36. Verfahren gemaB Anspruch 29, worin ein DNA-Molekul gemaB Anpruch 15 verwendet wird. 



Revendications 

1. Precede de production de plantes genetiquement transformees qui sont resistantes a I'infection par un virus de 
plante, comprenant les etapes consistant a : 

(a) inserer dans le genome d'une cellule vegetale une molecule d'ADN bicatenaire recombinante comprenant : 

(i) un promoteur qui fonctionne dans les cellules vegetales en provoquant la production d'un polynucleotide 
d'ARNm ; 

(ii) un polynucleotide d'ADN qui correspond audit polynucleotide d'ARNm, ledit polynucleotide d'ARNm 
comprenant une sequence codant pour la proteine d'enveloppe dudit virus de plante, ou pour une partie 
importante de celle-ci ; 

(iii) une region non traduite en 3' qui fonctionne dans les cellules vegetales en provoquant I'addition de 
polyadenylat a I'extremite 3' dudit polynucleotide d'ARNm ; 

(b) obtenir des cellules vegetales transformees qui expriment la total ite ou une partie importante d'une proteine 
d'enveloppe ; et 

(c) regenerer, a partir des cellules vegetales transformees, des plantes g6n6tiquement transformees dotees 
d'une resistance accrue a I'infection par ledit virus de plante. 

2. Precede tel que revendique dans la revendication 1 , dans lequel ledit polynucleotide d'ADN est derive dudit virus 
de plante. 

3. Precede selon la revendication 1 , dans lequel ledit promoteur est un promoteur de virus a ADN de plante. 

4. Precede tel que revendique dans la revendication 3, dans lequel ledit promoteur est un promoteur 35S du virus de 
la mosaTque du chou-fleur. 

5. Procede tel que revendique dans la revendication 1 ou la revendication 2, dans lequel ledit promoteur est un pro- 
moteur de la nopaline synthase ou de I'octopine synthase. 

6. Procede tel que la revendication 1 ou la revendication 2, dans lequel ledit promoteur est un promoteur de gene de 
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plante. 

7. Precede tel que revendique dans la revendication 5, dans lequel ledit promoteur est promoteur de la petite sous-unite 
de la ribulose bis-phosphate carboxylase. 

5 

8. Procede tel que revendique dans la revendicatbn 1 ou la revendication 2, dans lequel ledit promoteur est un pro- 
moteur d'un gene codant pour une glycoproteine riche en hydroxyproline. 

9. Procede tel que revendique dans la revendicatbn 1 ou la revendication 2, dans lequel ledit promoteur est un pro- 
10 moteur de la mannopine synthase. 

1 0. Procede tel que revendique dans I'une quelconque des revendications pr6c6dentes, dans lequel ledit polynucleotide 
d'ADN (ii) est un ADN viral bicatenaire ou un ADN bicatenaire synthelise a partir d'un polynucleotide d'ADN ou 
d'ARN viral. 

15 

1 1 . Procede tel que revendique dans I'une quelconque des revendications precedentes, dans lequel ledit virus de plante 
est choisi parrni les virus de la mosaTque du tabac, de la mosaique du soja, de la marbrure de la gousse de haricot, 
de la tache en anneau du tabac, de la jaunisse nanisante de forge, de la bigarrure du ble, de la bigarrure en fuseau 
du ble, de la mosaique transmise par le sol, de la mosaTque nanisante du mais. du nanisme chlorotique du maTs, 

20 de la mosaique de la luzerne, du virus X de la pomme de terre, du virus Y de la pomme de terre, de I'enroulement 

de la pomme de terre, de la mosaique doree de la tomate et de la mosaique du concombre. 

12. ProcecJe tel que revendique* dans la revendication 11 , dans lequel ledit virus de plante est un virus de la mosaique 
du tabac. 

25 

13. Procede tel que revendique dans Tune quelconque des revendications 1 a 11 dans lequel ledit virus de plante est 
choisi parmi les virus de la mosaTque du soja, de la marbrure de la gousse de haricot, de la tache en anneau du 
tabac : de la jaunisse nanisante de I'orge, de la bigarrure du ble, de la bigarrure en fuseau du bie, de la mosaTque 
transmise par le sol, de la mosaTque nanisante du mais, du nanisme chlorotique du mais, de la mosaTque de la 

30 lucerne, du virus X de la pomme de terre, du virus Y de la pomme de terre, de I'enroulement de la pomme de terre, 

de la mosaique doree de la tomate et de la mosaique du concombre. 

14. Procede tel que revendique dans I'une quelconque des revendications precedentes, dans lequel les plantes trans- 
formees sont cribiees afin de determiner leur resistance audit virus de plante. 

35 

15. Construct d'ADN bicatenaire recombinant contenant une sequence qui correspond a une partie d'un genome de 
virus de plante qui code pour la totalite ou une partie importante de la proteine d'enveloppe d'un virus autre que le 
virus de la mosaique du tabac, ledit construct comprenant dans la direction 5' vers 3' de la transcription : 

40 (j) un promoteur qui fonctionne dans les cellules vegetales en provoquant la production d'un polynucleotide 

d'ARNm ; 

(ii) un polynucleotide d'ADN contenant une sequence qui correspond audit polynucleotide d'ARNm, ledit poly- 
nucleotide d'ARNm comprenant une sequence codant pour la totalite ou une partie importante de la proteine 
d'enveloppe dudit virus de plante autre que le virus de la mosaique du tabac ; 
45 (iii) une region non traduite en 3' qui fonctionne dans les cellules vegetales en provoquant faddition de polya- 

denylat a I'extremite 3' dudit polynucleotide d'ARNm, ladite molecule d'ADN etant capable de provoquer 
P expression de ladite proteine d'enveloppe suffisamment pour d'inhiber ou reduire substantiellement ('infection 
virale. 

50 16. Molecule d'ADN telle que revendiquee dans la revendication 15, dans laquelle ledit virus est choisi parmi les virus 
de la mosaique du soja, de la marbrure de la gousse de haricot, de la tache en anneau du tabac, de la jaunisse 
nanisante de I'orge, de la bigarrure du ble, de la bigarrure en fuseau du ble, de la mosaique transmise par le sol, 
de la mosaique nanisante du mais, du nanisme chlorotique du mats, de la mosaTque de la luzerne : du virus X de 
la pomme de terre, du virus Y de la pomme de terre, de I'enroulement de la pomme de terre, de la mosaTque doree 

55 de la tomate et de la mosaTque du concombre. 

1 7. Molecule d'ADN telle que revendiquee dans la revendication 1 5 ou la revendication 1 6, dans laquelle ledit promoteur 
est le promoteur 35S d'un virus de la mosaTque du chou-fleur. 



24 



EP0 223 452 B1 

1 8. Vecteur de transformation de plante comprenant une molecule d'ADN telle que revendiquee dans rune quelconque 
des revendications 15 a 17. 

19. Cellule bact6rienne contenant un vecteur de transformation tel que revendique dans la revendication 18. 

5 

20. Cellule bacterienne telle que revendiquee dans la revendication 1 9, ladite cellule etant une cellule d'Agrobacterium 
tuniefasciens . 

21. Cellule de plante transfonmee contenant de I'ADN tel que revendique dans Pune quelconque des revendications 15 
10 a 17. 

22. Plante differenciee comprenant des cellules vegetales transformees telles que revendiquees dans la revendication 
21, qui presents une resistance audit virus de plante. 

is 23. Plante telle que revendiquee dans la revendication 23, ladite plante appartenant a une famille choisie parmi les 
Lequminosae , les Umbel life rae , les Cruciferae , les Cucurbitaceae , et les Solanaceae . 

24. Plante telle que revendiquee dans la revendication 22, dans laquelle le virus de plante est le virus de la mosaique 
de la luzeme. 

20 

25. Plante telle que revendiquee dans la revendication 24, ladite plante etant une plante de tabac. 

26. Plante telle que revendiquee dans la revendication 24, ladite plante etant une plante de tomato. 

25 27. Propagule de plante contenant une molecule cf ADN telle que revendiquee dans Tune quelconque des revendica- 
tions 15 a 17. 

28. ADN de genome de plante contenant, incorpore de facon stable, un construct d'ADN tel que revendique^ dans Tune 
quelconque des revendications 15 a 17. 

29. Procede de production de plantes resistantes a un virus de plante, comprenant les etapes consistant a : 

(i) inserer dans le genome d'une cellule vegetale une molecule d'ADN bicatenaire recombinante comprenant 

(a) un promoteur qui fonctionne dans les cellules vegetales en provoquant la production d'un polynucleotide 
d'ARNm ; 

(b) un polynucleotide d'ADN contenant une sequence qui correspond audit polynucleotide d'ARNm com- 
prenant une sequence codant pour la totalite ou une partie importante de la proteine d'enveloppe dudit 
virus de plante ; et 

(c) une region non traduite en 3' qui fonctionne dans les cellules vegetales en provoquant I'addition de 
polyadenylat a rextremit6 3' dudit polynucleotide d'ARNm ; 

(ii) obtenir des cellules vegetales transformees qui expriment la totalite ou une partie importante de la proteine 
d'enveloppe ; 

(iii) regene>er : a parti r des cellules vegetales transformees, des plantes genetiquement transformers dotees 
d'une resistance accrue a ('infection par ledit virus de plantes. 

(d) propager lesdites plantes. 

30. Procede tel que revendique dans la revendication 29 dans lequel ledit virus est choisi parmi les virus de la mosaique 
du soja, de la marbrure de la gousse de haricot, de la tache en anneau du tabac, de la jaunisse nanisante de forge, 
de la bigarrure du ble, de la bigarrure en fuseau du ble, de la mosaique transmise par le sol, de la mosaique 
nanisante du ma'is, du nanisme chlorotique du maTs, de la mosaique de la luzerne, du virus X de lapomme de terre, 
du virus Y de la pomme de terre, de f'enroulement de b pomme de terre, de la mosaique doree de !a tomale et de 

55 la mosaique du concombre. 

31. Procetje tel que revendique dans la revendication 29 ou la revendication 30, dans lequel lesdites plantes transfor- 
mees sont criblees pour determiner leur resistance audit virus de plante. 
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32. Precede tel que revendique dans la revendication 29 ou la revendication 31 , dans tequet la plante est propagee 
par croisement entre une premiere plante et une seconde plante, ladrte premiere ou ladite seconde plante elant 
una plante selon la revendication 29, de telle sorte qu'au moins certains descendants issus dudit croisement pre- 
sentent une resistance audit virus de plante. 

5 

33. Precede de production d'un propagule de plante contenant une molecule d'ADN telle que definie dans la revendi- 
cation 1 qui comprend la production de plant es genet iquement transform ees par un precede tel que revendique 
dans Tune quelconque des revendicattons 1 a 14 ou 29 a 32 et I'obtention dudit propagule de plante a partir des 
plantes genetiquement transformees. 

10 

34. Precede te! que revendique dans la revendication 33, dans lequel ledit propagule contient une molecule d'ADN telle 
que revendiquee dans la revendication 15. 

35. Precede tel que revendique dans Tune quelconque des revendications 1 a 11 dans lequel on utilise la molecule 
is d'ADN de la revendication 15. 

36. Precede tel que revendique dans la revendication 29, dans lequel on utilise une molecule de d'ADN de la revendi- 
cation 15. 



26 



EP0 223 452 B1 



Transformed cells - Selected for marker 



regeneration 



Rj Transformed Plants morker (e.g., Kon r , nop 4 /-); virus genet 

I Level of gene expression 



f?2 seeds 



R 2 Seedlings : Determine gene segregation ratios 



" Expressors 



"Non-Expressors' 



Inoculate 
with virus 



Monitor disease development and virus 
replication 



Figure I 
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N-terminus estimate 60-100 bp 

PK K5TSSSKSASTSS 
CCA AAG A AC AGC ACC AGT AGT AGT AAG GGA GCT GGC ACA AGC AGC 



KOVNVSSKSKVVPRL 
AAA GA' GTA AAT GTT GGA TCA AAG GGA AAG GTG GTT CCG CGT TTG 

Qkitrk'MnlpMveGn 
cag aag att aca aga aag atg aat ctt cca atg gtt gaa ggg aac 

TILSLDHLLEYKPNQ 
ATC ATC CTC AGT TTG GAC CAC TTG CTT GAG TAC AAA CCT AAT CAU 



90 bp 



A 


D 


G 


V V 


M N 


G 


F 


M 


V 


W 


C 


GCA 


GAT 


GGT 


GTG GTT 


ATG AAT 


GGC 


TTC 


ATG 


GTA 


TGG 


TGC 


N 


6 


T 


S P 


0 A 


N 


G 


V 


W 


V 


M 


AAT 


GGT 


ACA 


TCT CCA 


GAT GCT 


AAT 


GGC 


GTG 


TGG 


GTG 


ATG 



MDGEEQIEYPLKP-- 
ATG GAT GGA GAG GAA CAG ATT GAA TAT CCG CTG AAA CCC 

SKCKTNLRQIMHHFS 
TCG AAA TGC AAA ACC AAC TTG AGA CAA ATC ATG CAC CAT TTC TCA 

DAAEAYIEMRNSESP 
GAT GCA GCA GAA GCT TAC ATT GAG ATG AGA AAT TCT GAA AGT CCG 

YMPRYGLLRNLRDRE 
TAT ATG CCT AGA TAT GGA CTA CTG AGG AAT TTG AGA GAT AGA GAG 

LARYAFOFYE VTSKT 
CTA GCT CGC TAT GCT TTT GAT TTC TAT GAG GTT ACT TCT AAA ACA 

P 

CCA AA- lOObp 

ERHTARDVNQNMHT 
-AT GAA AGG CAC ACT GCA AGG GAT GTG AAT CAA AAC ATG CAC ACT 

L L G M 
CTT TTG GGC ATG 

GGC" ■ TAAAG GCTAA GTAAA TTGGT CAC AG TTATC ATTTC 



GGGTC GCTTT ATAGT TTACT ATAAT AT AGT AGTTG CACTG TCTTT AAATA 



TAGTG TGATT GCATC ACCAA ATAAA TGTTT TTGTT TAGTG TGGTT TTAAC 

CACCC CAGTG TGCTT TATGT TATAG TTTAT GAATG GCAGG GAGAA CCATT 

GTGTT GCCGG AGCCC TTTGA AGAGT GATTT CATC A CGTCT AGTGG CCGAG 

GTGCG GCAAT GTTTG TTGTC CTAAA poly A 



Figure 2 
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BgL2 




Bam Hi 

Figure 3 
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CaMV 36S PROMOTER 
Fitted EcoRI 

I I 7 ° 
GAATTAATTrcCGATCcTAfCT6TCACTTCATCAAAAGGACA6TAGAAAA66AAGGT6GCACTACAAATG 

71 ... < 4 ° 

CCATCATTGCGATAAAGGAAA6GCTATCGTTCAAGATGCCTCTGCCGACA6T66TCCCAAAGATGGACCC 

141 210 
CCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTC 

TATA 

211 I 280 

ATATC TCC AC TG AC G TA AGGGATGACGC AC A ATCC C ACTATCCTTCGC A AG ACCC TTCC TCTATATAAGG 

CAP Site 

281 | 332 

A AGTTC ATTTC ATTTGGAGAG6AC ACGCTGA AATCACCAGTC TC TCTC T A C A 



SYNTHETIC MULTI-LINKER 

Bg in Clal Srral Kpnl Xhol EcoRI 
I I I II I 

AGATCTATCGATTCCCGGGTACCTCGAGAATTCCC 



NOS 3' POLYADENYLATION SIGNAL 



368 430 
G ATCGTTC AAAC ATTTGGC AATA A AGTTTCTTA AGATTGAATCCTGTTG<XX3GTCTTGC G ATG 

431 .... 500 

ATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTA 
3* End nrtRNA 

50. || llllll! ... 570 

TGAGATGGGTrTTTATCATTAGAGTCXCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCG 

571 . . .640 

CGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCggggatccgtcgacctgcog 

Hi ndlll 
641 | 648 
ccaagcrt 



Figure 4 
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TMV ssRNA HA 
5' P 1 1 3' 



ORFI ORF2 CP S N 

ORF primer 



Reverse transcriptase 
Bom HI, HindlE 
} ' Clone fragment in pUC9 

| EcoRI, Aha HI 




CaMV/TMV/Nos 
35S 



Figure 5 
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Figure 6 
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ToMV 2 Inoculation (2 yg/ml) 



% Showing 
Symptoms 






VF 36 


o 


Tm-2 




VF36*CP 


o 


Tm-I, Tm-2a 



6 7 e ii 

Days After Inoculation 



Figure 8 
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Figure 10 
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Petunia MA ssRUBlSCO Promoter 

EcoRI 
I 

GAATTC 500 bp of Unsequenced DNA 

G A AGT A A A C TTA ATG AGCTTCCGCCACGTGGCACTATTTTTATGACTA ATATCTTTTTCC 

TAACC TTCATGTGG CC ATTAATTTAG TA A tG TCAAG AAC AC ATA ATCC A ATGGT TAC AAT 

TC ATCC AAGATGAGG CTTG tTTACTTGTA tCCGTTAG ATGTAGAGGTTAtGTG A AAGCTt 

Start of Transcription 

II 

AACATTATATATAG A AGGGGG C AC TATAC AT C AATAACCCTCTTGAAGC AA AGGTGG GA A 
AG A Was Inserted Between These T's to Creote Bglll Site 

ii 

A6GGAAACACAAAAATATAAGCTAAC6ATTCTTTAGCAAtGGCTTCCTCA6TGATGTCCt 

I 

Start of translation 

The sequence of the mutagenesis primer : 

5" CC ATTGCTA A AGATCTATCGT TAGCTTAT 



Figure 1 1 
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Figure 12 
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AMV 
RNA 



Synthesis of AMV cool protein cONA 



Hybridiiotion of Synthetic Primer to RNA 4, reverse 
transcription 



3' 



ACGTAC TTACGGGG ATTCCC TACGCTTAAGGGCCC 



Base Hydrolysis of RNA, hybridization of second 
strand primer, synthesis of second strand 



C T TTG AAT TCGTT T TTATT T T TA ATTTTCT TTC A A 



-//- 



EcoRI digestion 
GJAATTC ✓ 



crrr qAATTc 

GAAAC 



GjAATTCCCGGG 



5GGCCC 



AMV 

EcoRI ^ EcoRI 



CoMV35S 
— CJi^mu Iti I i nker 
, Nos 3' 

S/S( PMON 




Ugate 

CoMV35S promoter 

AMV coot protein sequence 



Nos 3* 



PBR 



LIH 



Figure 13 
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Cloning of PVX Coat Protein Gene: 
EcoRI 



PVX 




pUC 18 

| ACCl* PstI 



Hpallt EcoRI Bam HI 



xhol 



AccI/HpaH PstI 

Jp»tl 
JboI3I 

j*CloI Linker 



HindM 



EcoR I j Ba mH]^ 



pBR322t Pit I 



Xfrol 
Clal 



|xhoI,ClaI 
Xhol Clol 



PstI* / \ P»tItHindHr 

Xho1 / x^P.tr^ 1 

PstlHpalE Xhol XhC tf rI 1 1 i Hind m 



Ba m HI P stI 
Synthetic 1 ™» J 

0090 j PEMBL 12 ♦ Bom HI 
EcoRI Smol HindUl P* 11 



Bam HI PstI 



EcoRI 



Clal 



Smal Hpal 



Xhol EcoRI ^ m 



Sod Bom HI 




P»tl Clal 
\ Xhol+Clol 

EcoRI SmoI ATGHpnH Xn ,^ 



1_L 



SocI Bom HI 
5' 



TAA cial 



PVX 



PEMBL -PVX 



Figure 14 
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Figure 16 



42 



EP 0 223 452 B1 



Bam HI- 8 nucleotides beyond nucleotide 
6395 of TMV site generated by 
primer used to make cDNA 
Coat protein cDNA 



puc9 



pTM 
37 



, ATG-nucleotide 5712 
'Aha ID -Oral 

nucleotide 5707 of TMVRNA 1 



Hind III 



Bam HI 





Figure 17 
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